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TJERMIT  me,  Gentlemen,  to  lay  before 
**■  you  this  fmall  Publication,  containing 
Lome  ingenious  obfervations  lately  com- 
municated to  the  public  in  the  German 
language  by  Mr  V.  Uflar.  I embrace 
this  opportunity  to  make  k^own  to  you 

l 

a Gentleman,  whofe  laudable  endeavours 
are  dire&ed  to  the  improvement  of  that 
part  of  the  knowledge  of  plants  and  of 
vegetation,  which  has  hitherto  appeared 
the  moll  obfeure,  and  which  has  yield- 
ed leaft  to  the  invefligations  of  philofo- 
phy. 


I 


( Vi  ) 

I have  no  doubt,  but  that  fome  of  you, 
to  whom  the  various  fciences  are  already 
fo  much  indebted,  will  deem  it  not  un- 
worthy of  them  to  examine  the  contents, 
and  to  improve  upon  what  is  here  de- 
livered. I have  purpofely  avoided  ma- 
king any  efiential  alteration  in  Mr  V. 
Uflar’s  obfervations,  and  I have  omitted 
no  part  which  appeared  interefling  ref- 
pedling  the  objedt  of  his  publication,  or 
which  I knew  to  be  not  generally  known 
in  this  country.  But  I have  prefixed  a 
general  view  of  thofe  principles,  and  of 

fuch  of  their  properties,  as  I thought 

* 

moft  worthy  of  attention,  in  the  pro- 
per inveftigation  of  that  interefling  fub- 

jedl.  As  I confidered  part  of  the  ob- 
fervations related  in  the  original  work, 
as  not  yet  fufficiently  and  accurately  as- 
certained, and  that  much  mufl  fiill  be 

done  towards  the  complete  eflablifhment 

of 
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I 

of  the  theory,  I have  taken  the  liberty 
of  inferting  a fhort  fketch  of  my  ideas 
refpedting  Light  and  its  properties ; in  ex- 
pedlation,  that  this  may  be  honoured 
with  examination,  by  thofe  who  wifh  to 
contribute  towards  the  improvement  or 
correction  of  the  fubjedt  of  this  publica- 
tion ; a fubjedt,  furely  well  defer ving  the 
attention  of  experimental  philofophers. 
Whatever  I have  to  fay  upon,  or  to  add 
to  Mr  Uflar’s  communications,  I have 
purpofely  poftponed ; as  I have  many  ex- 
periments in  view,  which  I fliall  perform 
with  all  podible  accuracy,  and  of  which, 
I fhall  communicate  the  refults  at  ano- 
ther opportunity. 

v . / 

I hope  to  give  then  alfo  an  account  of 
fome  fubequent  obfervations,  which  Mr 
V.  Ullar  has  promifed  on  this  fubjedt ; 
and  to  be  able  to  prefent  fome  new  ob- 

/ 

fervations,  made  by  the  ingenious  Mr 

Hedwig, 
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Hedwig,  whofe  merits  are  already  well 
known  to  many  in  this  country ; and  pro- 
bably alfo,  to  make  known  home  new 
difcoveries,  which  I anxioufly  expedt 
from  Mr  V.  Humbold,  a Gentleman 
already  celebrated  among  the  learned  in 
Germany,  by  fome  ingenious  publica- 
tions on  this  fubjeft. 

I have  the  honour  to  be, 
Gentlemen, 

Your  mold  obedient  fervant, 


G.  SCHMEISSER. 


INTRODUCTION. 


I 


HAPPILY  the  time  is  arrived,  when  Che* 
milts  and  Phyliologilts  unite  their  en- 
deavours to  inveftigate  the  nature,  conftruc- 
tion,  compolition,  and  functions  of  the  vege- 
table tribe  ; in  order  to  perfectionate  our 
knowledge  of  the  Economy  of  Plants,  and 
to  difplay  the  many  interefting  and  entertain- 
ing particulars,  which  the  ftudy  of  this  branch 
of  fcience  is  calculated  to  afford. 

Many  arts  and  fciences  have  already  deri- 
ved great  advantages  from  the  aid  of  chemif* 
try,  by  the  many  improvements  which  that 
important  ftudy  has  fuggefted.  But  though 
Botany  has  met  with  great  admirers,  and  has 
been  cultivated  by  many  original  geniufes, 
little  has  it  been  advanced  in  proportion,  by 

chemical 
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chemical  and  phyfiological  inquiries  into  the 
nature  of  vegetables. 

Chemifts  by  their  ufual  ardour  of  inveftiga- 
ting  every  body  which  prefents  itfelf  to  them, 
have  indeed  difcovered  and  pointed  out,  the 
immediate  component  parts  of  vegetables,  and 
their  various  products  or  combinations.  By  af- 
certaining  many  of  their  chemical  properties, 
they  have  fhown  how  they  may  be  further  pre- 
pared to  ferve  for  alimentary,  medicinal,  and 
other  ufeful  purpofes  in  the  arts  and  manufac- 
tures. 

What  Variety  of  fucceffive  phenomena  do 
we  perceive  in  vifiting  our  gardens,  fields,  fo- 
refts,  and  meadows,  from  early  fpring,  till  the 
clofe  of  the  autumn  ; when,  during  this  pe- 
riod, plants  make  firfh  their  appearance,  pro- 
ceed in  their  growth,  and  attain  to  perfection. 
But  we  fliould  not  be  fatisfied  with  admiring 
their  external  beauties,  with  knowing  how  to 
difiinguifh  them  by  their  external  characters, 
and  with  collecting  them  or  their  products 

whenever 
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whenever  they  are  fit  to  ferve  for  our  vari- 
ous purpofes.  Nor  are  we  entitled  to  enjoy 

the  contemplation  of  all  the  phenomena,  and 
receive  the  manifold  donations  of  thofe  pro- 
duds  of  nature,  nor  furely  to  murmur  at 
their  accidental  failure,  or  untimely  decay, 
without  enquiring  more  particularly  into  the 

caufes  of  their  difeafes,  to  remove  them  if 

/ 

pofiible  ; and  endeavouring  to  inveftigate  the 
origin  and  progrefs  of  all  thefe  phenomena, 
and  the  caufes  whence  they  refult : e.  g.  To 
afcertain  the  food  of  Plants,  and  the  fituation 
bell  fuited  to  their  refpedive  conftitutions, 
and  the  means  by  which  they  may  molt  cer- 
tainly obtain  their  proper  nourilhment  ; to 
difcover  their  natural  aifociates,  as  well  as 
thofe  which  are  inimical  to  them.  Laudable, 
mull  therefore  be  every  attempt  or  endea- 
vour, which  tends  towards  difcoveries  or  im- 
provements on  fo  interefting  a fubjed. 

It  is  the  exprefs  defign  of  the  prefent  trea- 

tife, 


tife,  to  enquire  into  feveral  of  thefe  interef- 
ting  particulars.  How  far  the  Author  has 
fucceeded  in  his  endeavours,  the  candid  read- 
er muft  judge. 


OBSERVATIONS 


VEGETATION. 


vegetables,  it  is  necefiary  to  have  a general 
knowledge  of  thofe  fubflances  and  principles, 
that  are  found  to  furnilh  and  produce  the  re- 
quifite  fupplies  for  the  purpofes  of  vegetation, 
as  well  as  of  fuch  as  may  tend  to  deitroy  thefe 
fupplies.  Later  difcoveries  in  chemiftry  have 
Ihown*  that  thefe  principles  are  chiefly  the  fol- 
lowing; — Matter  of  Heat  : — Matter  of  Light  : 
— Oxygen  : — Hydrogen  : — Azote  or  Nitro- 


gen : — Carbo  : — and  their  combinations. 


attempting  to  inveftigate  the  economy  of 
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H EAT. 

1 HIS  elementary  principle,  exilting  in  all  bo- 
dies, manifefts  itfelf  by  numerous  phenomena 
refulting  from  its  effedls.  It  exifts  in  different 
flates  according  to  circumftances  afterwards  to 
be  mentioned. 

In  one,  (probably  its  original  Hate,)  it  is  not 
perceptible  by  our  organs  of  fenfation,  and  is  ap- 
parently ina&ive  upon  other  bodies  exiting  with- 
in its  atmofphere.  This  date  of  heat,  properly 
defined  Latent  Heat,  is  the  fource  of  all  its  other 
flates,  in  which  it  becomes  fo  powerful  an  agent 
for  innumerable  purpofes  neceffary  for  organized 
bodies.  Immortal,  therefore,  be  the  name  of  that 
great  philofopher,  Hr.  Black,  to  whom  we  are 
indebted  for  its  complete  difcovery,  which  has 
led  to  fo  many  fubfequent  ufeful  difcoveries  in 
chemiftry. 


Latent 
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Latent  heat,  we  find,  exifts  in  different  pro- 
portions in  different  bodies ; and  bodies  have  a 
different  capacity  of  imbibing,  accumulating, 
and  combining  with  it. 

The  other  ftate  of  heat,  is  that  in  which  it  ma~ 
nifefts  itfelf  to  our  organs  of  fenfation  ; and  in 
which  it  becomes  active  upon  bodies  prefented  to 
it.  This  ftate  is  occafioned  by  different  caufes.  For 
inftance,  latent  heat  is  fet  at  liberty,  fo  as  to  be- 
come active,  by  certain  exchanges  of  the  condi- 
tion, or  component  parts  of  bodies,  refulting  from 
fuperior  elective  attraction  among  heterogeneous 
bodies,  when  brought  into  near  contaCt ; as  we 
obferve,  by  the  feparation  and  exchange  of  the 

' yv. 

bafis  of  oxygen  gas,  in  the  procefs  of  combuftion 
and  refpiration by  the  converfion  of  vapours  in- 
to liquids,  and  of  liquids  into  folids  ;-by  the  cry- 
ftallifation  and  fudden  concretion  of  faline,  vege- 
table, and  animal  fluids by  the  fudden  abforp- 

tion  and  condenfation  of  fixed  air  and  water  by 

r 

earths,  &c. 

Whenever  heat,  in  any  of  the  above-mention- 

A 2 cd 
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ed  cafes,  is  fet  at  liberty  from  a body,  it  always 
difcovers  a tendency  to  enter  and  pervade  ano- 
ther prefented  to  it,  owing  to  its  general  attrac- 
tion for  all  bodies ; on  which  account  it  cannot 
be  confined,  nor  exifi,  in  a perfectly  free,  or  un- 
combined ftate. 

The  different  degrees  in  which  heat  becomes 
more  or  lefs  perceptible  and  active  when  fet  at  li- 
berty, will  be  in  proportion ; firft,  to  the  quantity 
of  latent  heat  in  bodies;  fecondly,  to  the  quanti- 
ty which  is  feparated  in  a given  time  from  bodies 
acting  upon  one  another.  Its  effect  on  the  fub- 
ftances  to  which  it  is  applied,  will  be  according 
to  the  velocity  with  which  it  can  enter  that  body, 
and  alfo  in  proportion  to  the  capacity  of  the  am- 
bient, or  intervening  medium,  for  accumulating 
or  retaining  it.  If,  for  inftance,  a homogeneous 
body,  or  alfo  a chemical  compound,  be  expofed  to 
fuch  a degree  of  heat  as  is  incapable  to  deftroy 
the  chemical  attraction  of  the  parts  of  the  com- 
pound, it  then  will  gradually  produce  an  equal  ef- 
fect upon  fuch  aggregate;  namely,  it  will  merely 
2 enter, 
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enter,'  occupy,  and  be  accumulated  in  the  molt 
minute  interfiles  of  that  body,  and  thus  exert  its 
expanfive  force,  or  felf-repelling  power,  and 
thereby  increafe  the  bulk  of  the  body,  diminifn 
its  fpecific  gravity,  and  occaflon  an  alteration  in 
it,  which  will  continue  only  as  long  as  heat  is 
fupplied  ; and  the  expanfion  will  be  in  propor- 
tion as  the  quantity  of  heat  fupplied  can  overcome 
more  or  lefs  the  power  of  attraction  of  cohefion  of 
particles,  under  the  preffure  of  the  atmofphere. 
In  this  cafe,  on  removing  the  body  from  the  fup- 
ply  of  fenfible  heat,  its  parts  will  refume  their 
former  flate  without  having  undergone  an  alte- 
ration in  their  nature;  confequently,the  heat  ap- 
plied to  fuch  had  only  produced  a temporary  ef- 
fect. Examples  of  this  we  obferve  in  the  con- 
verfion  of  ice  into  water, --of  water  or  fpirits  of 
wjne,  or  effential  oils,  into  vapour, — in  the  melt- 
ing of  wax,  fat,  gelatinous  matter,  metals,  &c. 

There  are  other  cafes,  in  which  fenfible  heat 
when  induced  in  a moderate  degree,  upon  bo- 
dies of  a heterogeneous  mixture,  will  firfl  occa- 

iion 
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fion  a fimilar  effeCt;  yet  fuch  bodies  will  be  more 
or  lefs'  decompofed  or  deftroyed  by  an  intenfe 
beat. 

Inflances  of  the  effect  of  a moderate  degree  of 
heat  occaiioning  a mere  feparation  of  the  confti- 

tuent  parts  of  a mixture,  without  the  production 
of  a new  compound,  we  can  obferve,  on  apply- 
ing a moderate  heat  to  a mixture,  of  fixed  fait 
and  water,  of  fpirits  of  wine  and  water,  of  water 
and  earthy  matter, — to  animal  and  vegetable 

fluids, -oils,  and  other  vegetable  matter,  &c.  In 

* 

this  cafe,  the  applied  heat  firft  pervades  and  ex*- 
pands  the  mixture,  and  then  accumulating,  gra- 
dually exerts  a different  effect  upon  each  of  the 
bodies,  which  effect  will  be  in  proportion  as 
their  capacity  of  retaining  heat  is  to  the  power 
of  attraction  and  cohefion  between  the  particles 
of  each  of  the  bodies  in  the  mixture.  If,  there- 

i 

fore,  the  capacity  of  one  of  the  bodies  (as  wa- 
ter), for  accumulating  heat,  exceeds  the  pow- 
er of  attraction  of  cohefion  among  its  particles, 
and  if  the  power  of  attraction  of  cphefion  a- 
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mong  the  particles  in  the  other  body  (as  fait), 
exceeds  its  own  power  of  accumulating  heat,  then 
the  expanlive  force  of  heat  upon  the  particles  of 
water,  will  be  greater  than  that  upon  the  parti- 
cles of  the  fait,  and  as  thus  the  fpecific  gravity 

of  water  is  diminifhed,  the  latter  will  confequent- 

\ 

ly  feparate  firft,  and  will  remain  fufpended  in  the 
atmofphere  until  it  part  again  with  that  heat. 
When  this  happens,  the  water  recovers  its 
former  ftate,  and  the  fait  remains  undecompo- 
fed,  parting  likewife  gradually  with  its  fhare 
of  accumulated  heat  and  then  the  applied  heat 
will  be  fet  at  liberty  again. 

Another  effect  of  fenhble  heat  applied  in  a 
great  degree  to  bodies  of  a heterogeneous  na- 
ture, is  a more  permanent  alteration  or  a total 
exchange  of  the  component  parts.  Here  a cer- 
tain portion  of  fenfible  heat  combines  chemically 
or  more  intimately  with  fome  of  thefe  parts, 
and  becomes  thus  latent,  producing  a new  per- 
manent and  elaftic  compound  (or  gas),  in  which 
the  heat  remains  in  combination  in  the  tempe- 
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rature  of  the  atmofphere  in  which  it  then  exifts^ 
and  can  from  that  (late  be  feparated  only  by  ex- 
pofing  it  to  fuch  a body,  as  has  a fuperior  elec- 
tive attraction  for  the  fubftance  to  which  it  is 

/ 

combined.  For  inftance,  if  we  expofe  animal 
or  vegetable  juices,  inclofed  in  a veffel,  to  a mo- 
derate heat,  we  obferve,  that  the  aqueous  or  more 
volatile  parts  firlt  fcparate,  and  the  lefs  volatile 
remain;  but  when  more  heat  is  applied,  then  an 
exchange,  or  new  combination  of  the  component 
parts  of  the  refiduum  will  take  place,  and  part  of 
ihe  applied  heat  will  enter  into  a chemical  or  more 
permanent  union  with  fome  of  the  principles  of 
the  compound,  and  produce  thereby  hydrogen 
gas;  or  it  will  combine  with  a new  compound,  as 
carbonic  acid,  and  form  the  fixed  air.  Thus  we 
perceive,  that  no  fpecific  effect  can  be  appropri- 
ated to  fenfible  heat,  fince  much  depends  on  its 
quantity  and  on  the  difpofition  of  bodies,  either 
to  accumulate  merely  or  to  combine  it. 

Senfible  heat  in  a moderate  degree  applied, 
promotes  vegetation  in  a variety  of  ways ; it  ex- 
cites the  adivity  of  plants;  it  promotes  the  dif- 
pofition 
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politioh  of  forrie  of  their  conftituent  parts  for  new 
attraction  and  combination,  to  obtain  fach  fub- 
Itances  as  may  be  requifite  for  their  growth ; it 
likewife  caufes  them  to  reject  fach  matters  as 
would  be  hurtful  to  them  in  retarding  their 
growth,  &c. ; it  promotes  the  difib]  ution  or  di~ 
geftion,  the  formation,  and  fee  ret  ion  of  their 
different  products. 

It  fupports  the  irritability  of  feme  of  their 
parts,  in  difpofing  them  to  acquire  and  to  retain 
a due  proportion  of  the  principle  (the  oxygen 
hereafter  to  be  explained)  which  caufes  their 
irritability;  and  in  preventing  alfo  the  accumu- 
lation of  this  principle  in  plants,  which  may 
become  hurtful  to  them. 

It  renders  their  food  and  juices,  &c.  more  fit 
for  penetrating  and  palling  their  different  con- 
ducting canals;  and  enables  them  to  difpofe  of 
their  fuperabundant  portion  of  fluids,  by  pro- 
moting perfpiration  and  evaporation. 

It  is  alfo  active  in  the  production  of  electrici 
ty,  which  likewife  affifts  vegetation. 

B 
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Senfible  heat  becomes  alfo  ufeful  to  vegeta- 
tion in  another  way  : after  plants  or  animals 
have  fini(hed  their  period  of  life,  or  when  pur- 
pofely  deprived  of  it,  heat  then  occafions  a dif- 
folution,  and  new  combination  of  their  compo- 
nent parts,  by  fermentation,  &c.  according  to 
the  nature  of  the  vegetable  or  animal  matter 
and  thereby  promotes  the  preparation  of  new 
food  for  living  plants. 

Thus  we  obferve  the  numerous  beneficial  ef- 
fects which  heat  has  upon  the  procefs  of  vegeta- 
tion. 

But  heat  may  prove  fatal  to  the  conflitution  of 
plants  when  applied  in  too  great  a degree,  and 
for  too  long  a time;  as  this  may  occafion  a too  ra- 
pid digeftion  and  perfpiration  of  their  nourifii- 
ment,  and  confequently  an  exhauftion.  In  fuch 
cafes,  plants  will  only  recover  by  diminifhing 
gradually  the  application  of  fenfible  heat,  either 
by  occafioning  a flow  evaporation  of  water  upon 
their  parts,  or  by  other  means. 

LIGHT. 


• A 


ON  LIGHT. 
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LIGHT. 


Light  i conflder  as  a matter  exifting  in  bo- 
dies, and  which,  like  matter  of  heat,  may  exift 
in  different  proportions  in  different  bodies.  It 
can  manifefl  itfelf  in  various  dates,  according  to 
the  capacity  of  bodies,  for  attra&ing,  detaining, 
or  combining  with  it,  whenever  it  is  fet  at  liber- 
ty from  one  body,  and  induced  upon  another. 

Light,  in  many  of  its  properties,  appears  to 
differ  from  matter  of  heat;  but  heat  feems  to  be 
a neceffary  agent  for  its  perceptible  and  active 
date.  I am  alfo  of  opinion,  that  the  produ&ion 
of  the  fendble  dates  of  both  light  and  heat,  re- 
fults  from  their  mutual  action  upon  each  other 
when  excited. 

Light  does  not  enter  into  the  compofition  of 
all  bodies.  Such  as  do  not  contain  it,  are  not  fit 
for  inflammation,  as  earths,  &c.  but  fuch  bodies 

may 
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may  imbibe  a fmall  portion  of  light ; but  they 
can  retain  it  only  under  certain  circumftances 
connected  with  the  nature  of  their  compofition 
and  ftru&ure,  and  according  to  the  degree  of 
external  prefiure  a&ing  upon  them. 

Bodies  which  contain  light  in  their  compofi- 
tion, and  which  are  necefiary  for  inflammation, 
or/for  the  production  of  perceptible  and  adtive 
light  and  heat,  and  which  in  the  combination 
with  oxygen  produce  no  permanent  gas,  I fliall 
call  perfect  inflammable  bodies,  fuch  as  fulphur, 
phofphorus,  hydrogen.  And  fuch  bodies  as  con- 
tain it  only  in  fome  of  their  component  parts,  and 
which  produce  gas  during  their  inflammation,  I 
fliall  call  femi-in flammable  bodies ; as  oils,  cam- 
phor, fpirit  of  wine,  wood,  &c.  And  we  may 
thence  fuppofe,  that  bodies  contain  more  or  lefs 
light  in  their  compofition,  in  proportion  as  they 
exhibit  the  phenomena  of  inflammation,  when 
properly  difpofed  for  it. 

Light  apd  heat  may,  at  the  fame  inflant,  be 

feparated 
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feparated  from  certain  bodies  (though  not  ftriCt- 
ly  inflammable). 

I ft,  By  external  caufes,  as  by  collifion,  fric- 
tion, or  condenfation.  The  production  of  fparks, 
when  two  bodies,  as  flint  and  fleel,  &c.  are  fud- 
denly  and  violently  ftruck  together,  affords  a 
familiar  example  of  this  reparation. 

idly,  Light  may  be  difengaged  from  its  com- 
bined flate,  by  the  mutual  aCtion  and  new  com- 
bination of  certain  heterogeneous  bodies.  To 
occafion  this,  it  is  not  only  neceffary  that  at 
lead  one  of  the  bodies  be  an  inflammable  one, 
and  that  thofe  bodies  which  are  to  act  upon  one 
another  have  a chemical  attraction  for  combina- 
tion, and  be  aflifled  by  fenfible  heat  neceffary 
to  promote  their  attraction ; but  alfo,  that 
the  one  body  have  an  attraction  for  the 
bafis  of  the  inflammable  body,  fuperior  to  that 

which  the  bafis  has  for  light Farther,  two 

heterogeneous  bodies,  whatever  they  may  be, 
which  have  no  chemical  attraction  for  one  ano- 
ther, cannot  combine,  and  confequently  can- 


not 
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not  emit  fenfible  light  and  heat.  Hence  we  ob- 
ferve  no  fuch  interchange  takes  place  on  mix- 
ing fulphur  or  phofphorus,  with  gold,  platina, 
&c.;  or  hydrogen  with  fulphur,  or  phofphorus, 
expofed  to  fenfible  heat.  An  intimate  combi- 
nation of  fuch  a nature,  therefore,  of  two  bodies, 
as  mentioned  before,  is  neceffary  for  the  pro- 
duction of  inflammation. 

Senfible  light  thrown  upon  bodies  which  do 
not  tranfmit  nor  reflect  it,  but  which  imbibe  it, 
but  do  not  retain  it,  feems  to  difengage  their  la- 
tent heat ; and  combining  with  the  latter,  gives 
to  it  elaflicity,  and  thus  produces  by  fuch 
combination  fenfible  heat. 

We  likewife  obferve,  that  inflammable  bodies 
cannot  produce  the  phenomena  of  inflammation, 
or  emit  fenfible  light  without  the  afliftance  of 
fenfible  heat;  and  many  inflammable  bodies 
will  not  part  with  their  latent  heat,  unlefs  their 
latent  heat  is  excited  by  fenfible  light.  In  the 
inflammation  of  an  inflamed  body,  a mutual  ac- 
tion 


f 
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tion  and  re-adtion  of  both  principles  appears  to 
take  place  : and  accordingly  it  feems  that  cam- 
phor, relin,  fpirit  of  wine,  oils,  &c.  will  not 
inflame  by  the  mere  application  of  heat : but 
they  will  do  fo  if  fenfible  light,  accompanied  at 
the  fame  time  with  fenfible  heat,  is  applied  ; as, 
for  inftance,  in  the  cafe  when  the  inflammable 
body  is  excited  by  flame. 

It  likewife  appears,  that  heat  alone  cannot 
difpofe  all  inflammable  bodies  to  combine 
with  the  oxygen  from  the  atmofphere ; the 
matter  ' of  light  latent  in  thefe  bodies  having 
perhaps  a greater  attradlion  for  either  of  their 
combined  parts ; and  that  they  will  therefore 
not  give  out  their  light  until  their  latent  heat 
be  at  the  fame  time  excited  by  the  adtion  of 
fenfible  light  applied. 

When  light  is  fet  at  liberty  during  this 
combination,  it  will  then  be  vifible  or  not,  ac- 
cording as  it  is,  or  is  not,  difpofed  to  combine 
with  another  matter,  in  the  moment  of  its  be- 
ing fet  at  liberty.  For  inftance,  when  light  fet 
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at  liberty,  is  immediately,  either  partly  or  whoh 
ly,  difpofed  to  unite  with  another  matter,  as 
that  of  heat,  to  produce  elaftic  fenfible  heat  ; 
or  when  that  again  is  employed  for  the  produc- 
tion of  gafles  or  vapours,  then  little  or  no  light 
will  become  perceptible,  and  more  fenfible  heat 
will  refult  accordingly  from  it.  But  when  light 
is  fet  at  liberty  in  a greater  proportion  from 
the  inflammable  body,  than  what  the  matter  of 
heat  in  thofe  excited  bodies  can  confume,  or 

combine  with,  for  the  production  of  fenfible 

• \ 

heat,  and  where  no  elaftic  fluids  are  produced 
which  can  take  it  into  their  compofition ; then 
more  light  will  become  perceptible,  and  in  pro- 
portion aCtive. 

The  perceptibility,  or  active  power  of  the  light 
extricated,  will  be  greater  in  proportion  as  the 
excited  bodies  yield  that  principle  in  a greater 
quantity,  and  as  the  velocity  with  which  it  can 
enter  the  bodies  is  greater,  and  as  bodies  can 
combine  more  readily  with  it.  The  more  flowly 
the  combination  of  fuch  bodies  takes  place,  the 

lefs 
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lefs  will  be  the  quantity  of  light  feparated  at 
the  time,  and  confequently,  the  lefs  its  effe&s. 

As  the  difpofition  of  bodies  for  chemical  com- 
bination is  promoted  by  heat,  it  therefore  feems 
that  heat  is  a neceflary  medium  for  inflamma- 
tion ; and  that,  therefore,  much  depends  upon 
the  degree  in  which  that  agent  is  applied  to  bo- 
dies difpofed  for  combination.  We  obferve  but 
a fmall  quantity  of  vifible  light  by  expofing 
phofphorus  or  fulphur  in  the  atmofphere  of  a 
low  temperature,  and  a great  portion,  when 
more  heat  is  applied. 

We  fhall  now  endeavour  to  explain,  how  oxy- 
gen gas  is  not  always  neceflary  for  the  produc- 
tion of  light  and  heat.  The  combination  of  o- 
ther  bodies  may  occafion  the  fame  phenomena, 
provided  that  one  of  the  bodies  be  an  inflamma- 
ble one,  and  confequently  containing  light,  and 
that  all  the  other  circumftances  formerly  defcrib- 
ed  be  prefent.  For  inftance,  if  we  difpofe  ful- 
phur and  certain  metals,  as  iron  or  copper,  for 
combination  effe&ed  by  heat,  we  perceive  the 

C fame 
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fame  phenomena,  namely,  the  production  of 
light  and  heat,  without  their  being  expofed  in 
oxygen  gas,  or  any  other  gas  containing  that 
principle  ; which  experiment  was  lately  per- 
formed by  fome  wrell  known  Dutch  chemifts, 
and  which  any  one  may  eafily  repeat : indeed 

the  above-mentioned  fubflances  will  exhibit 

% 

the  phenomena  in  azotic  or  hydrogen  gas,  or  in 
a vacuum  ; but  inflammable  bodies,  expofed  in 
either  of  thofe  gaffes  per  fe , cannot  do  this,  be- 
caufc  they  do  not  under  thefe  circumftances  en- 
ter into  combination  with  the  bafis  of  either  of 
the  gaffes,  which  would  be  neceflfary,  as  obfer- 
ved  before. 

Oxygen  can  only  produce  thefe  phenomena, 
when  it  is  expofed  to  inflammable  bodies  for  which 
it  has  an  attraction  of  combination,  fuch  as  fulphur, 
phofporus.  And  it  produces  the  phenomena  in 
a greater  degree  than  other  fubflances,  from  its 
fuperiorand  more  rapid  attraction  for,  and  combi- 
nation with  thofe  bodies;  and  like  wife,  from  the 
circumftance,  that  the  combinations  of  thefe  bo- 
dies 
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dies  are  not  attended  with  the  production  ef 
gaffes  and  vapours.  It  may  now  be  perceived, 
how  oxygen  is  a neceffary  medium  for  the  pro- 
duction of  light  from  fuch  inflammable  bodies 
as  are  chiefly  compofed  of  hydrogen,  as  fpirits 
of  wine  and  oils. 

Oxygen  is  likewife  requiflte  for  the  produc- 
tion of  fenflble  heat  in  the  combuflion  of  char- 
coal, as  it  has  a ffrong  attraction  for  that  fub- 
flance.  From  thefe  and  other  obfervations  we 
conclude,  that  more  fenflble  light  and  heat 
are  produced  by  inflammation,  in  proportion 
as  that  procefs  is  lefs  attended  with  the  pro- 
duction of  elaftic  fluids* 

If,  therefoie,  the  proportion  of  hydrogen  ex- 
ceeds that  of  carbo  in  femi-inflammable  bodies, 
then  there  will  be  more  light  fet  at  liberty ; 
and  on  the  other  hand,  if  the  carbo  predo- 
minates, there  will  be  lefs  light  and  more 
heat. 

Now,  in  the  inflammation  of  fpirits  of  wine, 
oils,  &c.  in  oxygen  gas,  there  are  both  light 

and 


OBSERVATIONS 


20 

and  fenfible  heat  fet  at  liberty,  which  conti- 
nue perceptible,  as  long  as  the  fupply  of 
both  continues.  But,  we  perceive,  that  this 
procefs  is  attended  with  a continual  lofs  of 
light  and  heat;  which  is  to  be  accounted  for, 
as  a certain  quantity  of  light  is  immediately 
employed  in  the  production  of  fenfible  heat, 
from  the  inflaming  body ; that  a great  quan- 
tity of  heat  is  like  wife  employed  in  the  pro- 
duction of  fixable  air,  arifing  from  the  com- 
bination of  carbo  in  the  femi-inflammable  bo* 
dy,  and  the  oxygen  from  the  atmofphere  ; 
and  alfo,  that  another  portion  of  fenfible  heat 
is  employed  for  the  formation  of  vapours  from 
the  water  which  is  formed  by  the  combination 
of  oxygen  from  the  atmofphere,  and  the  hy- 
drogen in  the  fpirit  of  wine  : Whereas,  by 
the  combination  of  phofphorus  or  fulphur, 
there  is  no  heat  combined,  and  there  is  no 
gas  and  no  vapour  produced,  as  explained  be- 
fore ; and  that  portion  only  of  light  difap- 

» 
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pears,  which  was  neceflary  to  excite  the  la- 
tent heat  in  thofe  bodies. 

Light,  when  thrown  upon  bodies,  which  do 
not  tranfmit  nor  refled  it,  but  which  have  a 
capacity  of  imbibing  it,  may  become  adive  up- 
on fuch  bodies,  as  is  the  cafe  in  plants,  either 
by  combining  ftrongly  with  their  latent  heat, 
and  converting  that  into  fenfibleheat;  or  by  oc- 
cafioning,  at  the  fame  time,  a feparation  of  the 
oxygen  or  other  matter  of  fuch  bodies,  with 
which  it  can  combine;  and  thus,  in  conjunc- 
tion with  matter  of  heat,  produce  elaftic  fluids : 
or  it  may  partly  be  detained  in  bodies;  and 
fuch  bodies  will  emit  it  gradually  again  in  the 
flate  of  vifible  light ; as  we  obferve  of  certain 
fubftances.  This  property  of  accumulation  and 
emiflion  of  light  by  certain  bodies,  is  more  per- 
ceptibly occafioned  in  them,  when  previoufly 
prepared  for  it  by  the  effed  of  heat ; firfl;  in  pro- 
ducing by  heat  an  expanflon  of  fuch  bodies; 
* 

then  expofing  them  to  a ftrong  light,  as  that 
of  the  fun  ; fuch  bodies  will,  in  proportion  as 

they 
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they  poflefs  thofe  mentioned  qualities,  imbibe 

* 

more  or  lefs  of  that  light,  and  will  give  it  out 
again  in  a vifible  date,  in  proportion  as  they 
contract,  and  when  placed  in  a dark  room. 
This  we  obferve  in  a certain  fpecies  of  heavy 
fpar,  called  Bononian  done,  and  other  fubdan- 
ces.  There  are  falts  which,  when  expofed  to 
much  light  during  their  crydallifation,  will  af- 
terwards emit  light ; other  falts  will  emit  light 
when  rubbed  in  a mortar  in  a dark  place  ; as, 
for  indance,  the  corrofive  fublimate,  &-c. 

Light  thrown  upon  bodies,  which  do  not 
tranfmit  nor  combine,  but  which  refletd  it,  pro- 
duces no  fenfible  heat  upon  them,  and  it  dif- 
fers no  change.  This  we  obferve  when  fenfi- 
ble  light  is  thrown  upon  certain  metals  with  a 
poliflied  furface. 

Sendble  light,  falling  upon  bodies  which  are 
tranfparent,  as  glafs,  gades,  &c.  when  perfect- 
ly homogeneous,  is  tranfmitted,  and  has  no  ap- 
parent edeCt  upon  them.  Thus  the  more  homoge- 
neous that  fuch  bodies  are,  the  lefs  is  the  dimi- 


nution. 


ON  LIGHT. 


*3 

nution  of  the  intenfity  of  the  light  which  per- 
vades them,  and  the  lefs  is  the  fenfible  heat 
which  is  produced  in  them.  This  coincides 
with  M.  De  Luc’s  opinion,  that  there  is  in  pro- 
portion more  light  induced  upon  bodies,  exift- 
ing  on  or  near  the  fummits  of  high  mountains, 
and  confequently  lefs  heat  produced  in  that  at- 
mofphere  ; and  that  there  is  lefs  light  reaching 
the  furface  of  lower  ground,  as  the  light  defend- 
ing through  the  lower  region  of  the  atmofphere 
to  the  earth,  is  partly  abforbed,  and  varioufly 
interrupted  by  the  heterogeneous  bodies  in  the 
loiver  atmofphere,  by  which  the  intenfity  -is 
greatly  diminilhed. 

From  what  has  been  obferved  refpedling  the 
properties  of  light,  we  may  perceive  in  what  re- 
fped  light  may  be  beneficial  to  plants  in  gene- 
ral.  Light  induced  upon  plants,  may  excite 

heat,  occafion  the  feparation  of  oxygen,  and 
convert  other  matters  into  elaftic  fluids.  It  may 
greatly  contribute  to  the  formation  of  the  in- 
flammable matter  produced  in  plants,  fuch  as 

oils 
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oils  and  refinous  matters.  The  formation  of 
fiich  fubftances  is  very  remarkable  in  hot  cli- 
mates,  and  perhaps  chiefly  depends  on  the  fa- 
culty poflefled  by  light  of  feparating  the  accu- 
mulating oxygen,  as  oxygen  deftroys  the  in- 
flammability of  bodies. 

Light,  therefore,  feems  thus  to  promote  the 
increafe  of  inflammable  matter,  only  in  thofe 
plants  whofe  component  parts  have  not  a greater 
attra&ion  for  oxygen,  than  the  oxygen  has  for 
light  and  heat,  as  we  may  expert  in  plants  which 
aflume  an  acid  nature. 

Light  induced  upon  plants  occaflons  a change 
in  their  colour,  either  by  entering  into  their  con- 
flitution,  or  by  feparating  the  oxygen  which 
caufes,  in  proportion  to  its  quantity,  a modifi- 

I 

cation  of  their  natural  colours ; and  by  which 
reparation  of  oxygen,  it  fupports  the  irritability 
of  plants,  as  that  appears  to  depend  upon  this 
principle,  as  has  been  before  obferved. 

Living  plants  difcover  a difpofition  to  attraft 
light,  and  when  in  want  of  it,  fearch  for  it,  and 

dire  (SI 
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diredt  the  extenfion  of  their  tender  or  flexible 
parts  towards  a place  where  they  can  reach  it. 
Certain  parts  of  plants,  as  flowers,  manifeft  a dif- 
pofltion  to  prefent  themfelves,  fo  as  to  receive 
fully  the  rays  of  the  fun,  or  they  diredt  their  fa- 
ces towards  the  fun:  This  difpofition,  Mr  Gir- 
tanner  afcribes  to  the  effedt  of  light  upon  certain 
fibres  peculiarly  conftrudted,  as  will  be  feen 
in  the  fequel  of  this  book. 

I Ihall  finifh  the  fubjedt  of  light  with  the  obfer- 
vations,  that  plants  may  receive  light  from  gafles 
which  contain  it,  as  before  mentioned,  by  im- 
bibing and  decompofing  them;  and  that  plants 
may  thus  receive  light,  when  growing  in  a fitu- 
ation  excluded  from  the  fun,  as  in  thick  forefts. 


X> 
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OXYGEN. 

Of  all  the  principles  neceflary  for  the  fupport 
of  organized  bodies,  oxygen  may  be  conlidered 
as  one  of  the  mod  a&ive.  It  received  that  name, 
which  fignifies  the  generator  of  acids , from  its 
invedigator  Mr.  Lavoisier;  who  found  it  to  be 
a neceffary  principle  in  the  formation  of  acids. 
The  exidence,  and  fome  of  the  properties  of 
this  principle,  were  already  known  to,  and  re- 
lated by,  Dr.  John  Mayow*;  and  alfo  by  Dr. 
Rutherford,  the  difcoverer  of  phlogidicated  air. 
But  Lavoider  has  certainly  invedigated  its  pro- 
perties, and  a&ive  powers,  more  than  any  o- 
ther  chemid ; and  has  confequently  the  greated 

merit. 


* In  a Treatife  publiflied  in  1674.— —Oxford. 
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merit.  It  exifis  in  different  bodies,  varioufly 
combined,  and  manifefts  itfelf,  by  the  various 
effects  which  it  produces  when  fepa rated  from 
any  of  its  combinations,  and  when  acting  upon 
other  bodies,  and  entering  into  a new  combi- 
nation with  them. 

It  is  fet  at  liberty  from  its  combined  date  in 
confequence  of  other  bodies  feting  upon  it,  or 
upon  the  fubftances  with  which  it  was  combi- 
ned, by  a fuperior  power  of  chemical  elective 
attraction.  iji , It  exifts  in  water,  combined 

with  hydrogen.  2 d/y,  In  the  atmofphere,  com- 
bined with  matter  of  heat,  (and  as  I believe, 
likewife  with  light)  and  conflitutes,  in  that 
flate  a part  of  the  atmofphere,  to  which  it 
gives  the  quality  of  fupporting  life,  combuf- 
tion,  and  inflammation.  3^/j',  It  exifls  in 
fixed  air,  combined  with  carbonaceous  mat- 
ter, to  which  it  has  a ftrong  attraction.  4 th/j. 
It  is  the  principal  component  part  of  acids, 
combined  with  the  acidifiable  fubflance  of 
animal  or  vegetable  matter.  $tblyt  It^  ex^ 

its 
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ills  combined  with  metals,  which  it  deprives 
of  their  luftre,  inflammability,  cohefion,  &c ; 
and,  which  are  thereby  rendered  capable  of 
entering  into  different  combinations  with  o- 
ther  bodies.  It  has,  when  applied  to  vege- 
tables, a great  effetft  upon  their  growth ; and, 
when  plants  are  too  much  deprived  of  it,  or 
when  they  are  overloaded  with  it,  it  then 
proves  hurtful  to  their  conftitution.  It  con- 
tributes to  the  motion  of  plants,  as  it  caufes 
the  irritability  of  fome  of  their  parts ; and  the 
various  degrees  of  this  irritability  depend  on 
the  different  proportions  in  which  it  enters,  or 
is  accumulated  in  them.  The  due  proportion, 
which  plants  thus  require  for  their  irritability, 
&c.  depends,  likewife,  upon  the  fubftances 
which  furround  and  a£t  upon  them.  The  fup- 
ply  of  this  principle  is  produced  by  fuch  fub- 
ftances as  contain  oxygen ; and  this,  the  more 
readily,  according  to  the  weaker  combination 
of  the  oxygen  with  the  other  fubftances  with 
which  it  is  united : Hence,  combinations  in 

which 
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which  the  oxygen  is  retained  with  very  little 
force,  as  for  inftance,  fuper-oxygenated  mu- 
riatic acid,  are  mod  fit  for  that  purpofe ; for  plants 
can  only  obtain  the  oxygen  from  its  other  com- 
binations, in  fo  far  as  they  have  a power  of  oc- 
cafioning  a decompofition  of  thefe  combinations. 
But  this  power  depends  much  on  the  tempera- 
ture in  which  the  plants  grow. 

Whenever  plants  imbibe  oxygen,  in  a great- 
er proportion  than  what  they  naturally  require ; 
(which  may  be  occafioned  by  the  abfence  or  di- 
minution of  the  principle  which  caufes  the  fe- 
paration  of  oxygen),  then  an  accumulation  of 
oxygen  takes  place,  which  occafions  a propor- 
tionally greater  degree  of  irritability ; and  which, 
confequently,  may  become  hurtful  to  the  confti- 
tution  of  plants. 

c 

The  principles  which  caufe  the  feparation  of 
the  oxygen,  are  light,— hydrogen,  affifted  by 
heat.  Hence,  the  due  proportion  of  oxygen 
in  plants,  depends  on  the  different  degrees  in 
which  any  of  thefe  principles  are  applied,  or 


can 
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can  aft  upon  them.  Thus,  a moderate  portion 
or  thefe  exciting  principles  will  occalion  a 
prefervation  of  the  due  quantity  ; a lefs  degree, 
an  accumulation ; and  a greater  degree,  a di- 
minution : The  two  laft  will  occafion  a gradual 

exhauftion  of  fuch  plants. 

✓ 

Oxygen  has  alfo  a great  effect  upon  the 
colours,  and  upon  various  parts  of  plants ; and 
greatly  contributes  to  the  formation  of  their 
produ&s.  It  is  an  afcertained  fadl,  that  the 
fuper- oxygenated  muriatic  acid,  which  has 
been  found  to  confift  of  1,856  parts  of  muriatic 
acid;  98,105  of  water;  and  0,093  °f  oxygen, 
deprives  green  plants  of  their  colour;  or  chan- 
ges them  into  white,  yellow  or  reddiih.  What 
takes  place  by  that  acid  immediately,  can  but 
flowly  proceed  by  the  oxygen  in  the  atmo- 
fphere,  owing  to  the  almoft  equal  attraction 
Which  oxygen  has  for  the  colouring  matter  of 
the  plants,  and  for  the  matter  of  heat  and 
light. 

appears,  that  the  colours  of  plants  become 

paler 
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paler  the  more  oxygen  they  imbibe,  and  that 
the  modifications  of  the  green  colour  depend 
on  the  different  proportions  of  oxygen.  Thus, 
we  may  explain  many  phenomena  that  occur 
during  the  vegetation  of  plants.  The  hilum  of 
young  feeds  is  generally  colourlefs,  fo  are  the 
petals  of  the  flowers,  when  perfectly  included 
in  the  calyx Leaves,  when  they  firft  ap- 

pear, are  of  a pale  colour ; owing  probably 
to  the  oxygen,  which,  at  that  period  only,  be- 
gins to  be  extricated  by  the  effed  of  light  and 
fenfible  heat ; and  thus  permits  the  colouring 
matter  to  make  its  appearance.  In  the  fame 
manner,  may  the  change  of  the  green  colour 
of  leaves  into  yellow,  which  we  obferve  in  the 
autumn,  be  explained.  Vegetation  generally 
flops  in  that  feafon,  and  plants  then  approach 
to  their  winter’s  reft ; the  fecretion  of  oxygen 
diminifhes,  and  the  quantity  gradually  accumu- 
lates during  that  time,  and  confequently  de- 
prives them  of  the  green  colour. 

The  extra&ion  of  oxygen  from  plants  by  the 

effed 
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eflfed  of  radiant  light,  arifes  perhaps,  from  the 
fuperior  attradion  of  oxygen  for  light.  Some 
plants,  as  tremella, — noftoc, — filices, — mufci, — 
and  algae,  retain  the  oxygen  weakly,  and  part  ' 

i < 

with  it  ealily. 

This  explains  how  plants  change  their  co- 
lours, by  the  free  accefs  of  air ; why  plants 
growing  in  the  (hade  have  generally  a pale 
colour ; and  why  plants,  entirely  excluded 
from  light,  lofc  their  colour ; as  in  that  cafe 
they  are  deprived  of,  or  excluded  from,  thofe 
agents  which  occafion  a fecretion  of  the  accu- 
mulating oxygen,  on  which  the  change  of  co- 
lours chiefly  depends  *. 

The  feparation  of  oxygen  from  plants,  may- 
be afcertained,  by  applying  a little  diluted  a- 
acid,  fuch  as  oxalic,  nitric,  &c.  Plants,  or 
their  parts,  which  contain  much  oxygen,  and 

part 

* That  hydrogen  gas,  applied  to  plants  excluded  from  light, 
occaf.ons  a feparation  of  their  accumulating  oxygen ; was  firft  at 
certained  by  Mr.  Humbold. 
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part  eafily  with  it,  are  generally  green ; and 
thole  which  contain  a great  portion,  but  lofe 
it  with  more  difficulty,  are,  in  proportion,  either 
white,  or  fpotted  : As  for  example,  Lichen  m z- 
niatus , — L.  parietinus ,■ — L.  verrucofus, dif- 

ferent petals, — ripe  apples, — barks, — and  brac- 
tese,  when  growing  in  the  ffiade. 

The  different  effe&s  which  oxygen  produces 

Upon  plants,  when  growing  in  different  places, 

/ 

and  expofed  to  a different  atmofphere,  have  led 
feveral  botanilts  to  miltake  trees  of  the  fame 
fpecies : For  example,  the  betula  and  tinus* 
growing  upon  the  Brokken,  (a  high  mountain 
in  Germany  on  the  Harz)  on  account  of  their 
fmaller  lize,  and  deeper  colour  of  the  leaves 
than  ufualj  when  growing  in  a different  atmo- 
fphere, have  been  miftaken  for  new  fpecies. 
Such  variations  had  been  afcribed  to  the  effedt 
of  different  climates  and  foils ; but  botanilts 
did  not  fufpedt,  that  any  fuch  effect  arofe  from 
that  great  agent  oxygen. 

E 
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T lie  caufe  of  the  deeper  colour  of  thofe 
plants,  or  of  their  leaves,  is  probably, 

a.  The  more  intenfe  light,  tranfmitted  through 
the  atmofphere  furrounding  the  fummit  of  fuch 
a mountain,  and  ading  freely,  on  all  Tides,  upon 
thofe  folitary  trees. 

b.  The  different  date  of  the  purity  of  that 
atmofphere,  and  the  fuperior  capacity  of  that 

• T% 

fluid  for  receiving  oxygen. 

c.  The  Aronger,  and  more  lading  cold,  which 
caufes  a great  alteration  in  the  irritability  of 
plants  by  the  increafe  of  oxygen  ; which  is,  in 
proportion,  feparated  again  by  each  increaflng 
degree  of  light. 

The  effed  of  light,  oxygen,  and  carbo,  up- 
on. colour,  is  equally  obfervable  in  animals  and 
plants.  Befldes  the  well  knqwn  obfervations, 
that  the  produds  of  hot  climates  are  of  a deep- 
er colour  than  thofe  of  the  northern  ; Mr.  Uf- 
lar  obferved,  that  he  found  repeatedly,  the 
rana  arborea  change  its  colour,  by  living  in  dif- 
ferent 
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ferent  fituations ; the  more  it  was  expofe'd  to 
the  fun,  the  deeper  its  green  colour  became; 
and  the  green  colour  changed  into  a whitifii 
grey,  as  he  obferved  alfo  of  fome  plants,  when 
it  had  lived  a confiderable  time  moftly  excluded 
from  light,  or  when  confined  within  walls.  Per- 
haps, aliment,  climate,  and  confinement,  contri- 
bute to  the  change  of  colours  in  organized  bodies. 

The  exiftence  of  oxygen  in  plants,  is  fhown 
by  their  becoming  acidified,  or  oxydated  ; and 
by  their  undergoing  an  acid  fermentation.  Be- 
fides,  it  is  found,  that  certain  plants  contain 
perfect  acid  in  their  compofition.  Such  are  ge- 
nerally of  a pale  green  colour,  as  the  oxalis 
acetofella.  The  boletus  fuberofus  yields  faccha- 
rine  acid  during  its  growth.  The  oxygen  gas 
which,  we  obferve,  is  extricated  from  plants 
when  expofed  to  the  effed  of  light,  See.  affords 
another  proof  that  they  contain  oxygen,  or  take 
it  into  their  conftitution. 

The  colouring  matter  of  plants  appears  to  re- 
fide  in,  or  to  be  produced  in,  the  refinous  parts, 


m 
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in  combination  with  oxygen  : For  inftance,  if 
we  extract  the  green  parts  of  plants  by  fpirits  of 
wine  in  a veil'd  excluded  from  light,  filter  the 
infufion,  and  fill  with  it  a phial  half  full,  and  ex- 
pofe  it  flightly  corked  to  the  rays  of  the  fun,  or 
to  the  light  of  a large  burning  lamp;  we  then 
obferve,  that  the  green  colour  foon  inclines  to. 
yellowifh.  This  change,  however,  does  not 
take  place  if  the  bottle  is  totally  filled,  or  ex- 
cluded from  the  accefs  of  pure  air ; nor  when 
the  infufion  is  kept  in  a phial,  in  contact  with 
nitrogen  or  hydrogen  gas.  So  we  find,  that  the 
tindlure  of  turnfol,  when  excluded  from  light, 
retains  its  colour,  but  lofes  it  on  expofure  to, 
much  light. 

Oxygen  renders  many  volatile  fubftances 
more  fixed  in  the  fire;  as  we  obferve  of  lulphur, 
phofphorus,  and  vegetable  fubftances,  when 
combined  with  it.  It  alfo  deftroys  the  inflamma- 
bility of  bodies  by  its  combination.  Though  it 
appears,  that  oxygen,  when  in  great  proportion, 

covers  the  colours  of  plants;  yet  it  likewife 

feems* 
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feems,  that  in  a fmall  proportion,  it  contributes 
to  the  formation  of  certain  colours.  Thus,  Dr. 
Bancroft,  in  his  learned  treatife  on  permanent 
colours,  attributes  the  black  colour  of  charcoal 
to  the  combination  of  oxygen  with  the  carbona- 
ceous matter ; and  he  conliders  the  charcoal 
as  an  oxyd  of  carbon.  He  obferves,  that  the 
tincture  of  violets,  when  it  has  loft  its  colour  in 
clofe  veffels,  recovers  it  by  oxygen  gas. 

Oxygen  feems  alfo  to  be  the  principal  caufe 
of  the  different  colours  of  the  oxyds  of  metals. 

We  fhall  conclude  this  article,  with  an  ex- 
tract, containing  the  refult  of  the  ingenious  ob- 
fervations  made  by  Fourcroy  ; who  proved  the 
exiftence  of  oxygen  in  plants,  by  analytical 
and  fynthetical  experiments.  He  obferves, 
i.  That  oxygen  combined  with  vegetables  al- 
ters their  colour: 

a . Their  colour  becomes  paler  by  an  in- 
creafe  of  oxygen, 

b.  Deeper  by  a diminution  of  it* 


2. 
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2.  The  various  modification  of  colours,  exhi- 
bited by  plants,  depends  on  the  different  pro- 
portion of  oxygen,  which  they  take  into  their 
conflitution. 

3.  Plants  faturated  with  oxygen  lofe  their 
green  colour  entirely  ; and  a yellow  colour  is 
the  refult  of  the  change. 

4.  Plants  not  faturated  with  oxygen,  may  ap- 
pear violet,  blue,  brown,  or  purple. 

5.  Oxygen  entering  into  the  conflitution 
of  plants,  occafions  a change  in  their  nature, 
in  proportion  as  they  imbibe  it.  Oxygen  like- 
wife  appears  to  be  favourable  to  the  formation 
of  refmous  matter. 
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Th  IS  principle  we  cannot,  as  yet,  exhibit  in 
a feparate  Hate,  its  properties  are  only  difcover- 
able  by  its  combinations.  In  its  combined 
date  it  manifefts  remarkable  phenomena,  which 
differ  according  to  the  nature  of  the  fubflance 
with  which  it  is  combined. 

It  exifts  principally  in  the  compofition  of  wa- 
ter, which  has  been  verified  by  fynthetical  ex- 
periments, made  by  the  ingenious  philofopher 
Mr.  Cavendish,  and  Lavoifier  ; and  it  thence 
received  its  name,  which  fignifies  the  generator 
of  water. 

In  the  compofition  of  water,  it  is  combined 
with  oxygen,  and  in  this  date  it  is  not  immedi- 
ately inflammable  ; but,  when  that  combina- 
tion is  deflroyed,  by  the  effedl  of  a fuperior  e- 

le&ive 
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ledive  attraction,  of  certain  bodies,  for  the  oxy- 
gen with  which  it  Ms  united  ; as  for  inftance, 
by  metallic  fubftances  or  charcoal ; it  then  is 
fet  at  liberty,  fo  as  to  enter  into  another  combi- 
nation ; in  which  cafe  it  affumes  a different 
Hate,  and  exhibits  different  phenomena,  accord- 
ing to  the  nature  of  the  matter  with  which  it 
combines. 

If  it  unites  merely  with  fenfible  heat,  it  then 
produces  a compound  which  is  inflammable,  or 
which,  when  light  and  heat  is  applied  to  it  in 
contact  with  atmofpheric  air,  is  capable  of  ex- 
hibiting the  phenomenon  of  inflammation;  in 
that  ftate  it  is  called  hydrogen  gas  or  inflam- 
mable air. 

This  compound  elaftic  fluid  is  lighter  than 
atmofpheric  air,  or  any  other  gas ; it  does  not 
fupport  life  nor  combuftion  like  oxygen  gas ; 
but  it  is  in  that  flate,  capable  of  difengaging 
the  accumulated  oxygen  from  plants  as  obferv- 
ed  before.  When  it  is  fet  at  liberty  from  the 
compofition  of  water,  without  the  prefence  of  a 

fuflicient 
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fufficient  quantity  of  fenfible  heat,  it  then  has 

s 

a difpofition  to  unite  with  other  matters;  as, 
for  inftance,  with  carbonaceous  matter,  and 
may  thus  produce  an  oily  compound,  or  enter 
into  other  compofitions,  and  thus  become  an 
aliment  to  plants. 

Sometimes  we  obferve,  that  plants  emit  hy- 
drogen in  the  (late  of  inflammable  air;  fuch  as, 
Dictamnus  albus , or  Fraxinella,  when  it  is  in 
flower  ; and  likewife  mod  of  the  fungi  and  byfli, 
by  reafon  of  the  greater  attraction  of  their  com- 
ponent parts  for  oxygen. 

Sometimes  the  hydrogen  gas  thus  emitted  by 
plants  is  obferved  to  have  united  with  a little  of 
carbonaceous  matter;  and  in  that  cafe,  the  hea- 
vy inflammable  air  is  produced ; fuch  is  the  air 
emitted  by  agaricus  campejlris, 

Occafionally  we  find  plants  containing  fulphu- 
reous  or  phofphoric  matter  ; and  fuch  plants 
may  emit  the  hydrogen  in  the  fiate  combined 
with  either  of  thefe,  and  it  will  therefore  appear 
in  the  fiate  of  either  hepatic  air  or  phofphoric  gas. 

F AZOTIC 
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AZOTIC  PRINCIPLE. 

Th  IS  matter  we  cannot  exhibit  in  a feparate 
Hate,  its  properties  are  only  didinguilhable  in  its 
various  dates  of  combination. 

In  the  date  combined  with  heat,  it  was 
fird  difcovered  by  the  eminent  Chemid,  Dr. 
Rutherford,  Profedor  of  Botany  at  Edin- 
burgh ; it  was  then  called  Phlogidicated  Air,  but 
now  Azotic  Gas,  on  account  of  its  having  the 
oppofite  quality  to  that  principle  which  fupports 
life.  It  exids  in  the  date  combined  with  heat  in 
the  atmofphere  ; and  mixed  with  a certain  por- 
tion of  oxygen  gas,  it  forms  the  efiential  com- 
pofition  of  atmofpheric  air. 

It  exids  in  the  atmofphere,  apparently  for  the 
purpofe  of  modifying  the  effect  of  that  power- 
ful agent,  the  oxygen,  in  the  procefs  of  refpira- 


tion 
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tion  of  animals  and  plants;  as  oxygen  gas  alone 
may  become  hurtful  in  many  refpeds.  It  ferves 
alfo  for  modifying  the  rapid  effed  of  oxygen 
during  combuftion  and  other  operations,  and 
thus  alfo  enables  us  to’ modify  the  heat  extrica- 
ted from  bodies  during  their  decompofition  and 
combination. 

It  is  moft  likely,  that  in  that  Hate  in  which  it 
exifls  in  the  atmofphere,  it  enters  into  combina- 
tion vvjth  another  body,  and  produces  new  com- 
pounds. 

It  conftitutes,  according  to  the  difcovery  of 
Cavendifh,  Lavoilier,  and  Prieftly,  the  bafis  of 
nitre  and  nitrous  acid,  and  alfo  of  nitrous  air; 
thefe  three  fubltances  differ  from  one  another, 
only  in  the  proportion  of  the  oxygen  to  the  azo- 
tic principle,  of  which  the  latter,  the  nitrous 
air,  contains  the  fmalleft  ; but  this  has  a ftrong 
tendency  for  faturating  itfelf  with  oxygen  whenT 
ever  it  can  receive  it  from  a furrounding  body, 
as,  e.g . the  atmofphere  ; and  hence  it  has  beeQ 
found  ufeful  for  afcertaining  the  quantity  of  oxy- 
gen 
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gen  gas  contained  in  certain  mixtures  of  gaf- 
fes, as  in  the  atmofpheric  air,  &c.;  as  may  be 
ieen  from  the  publications  of  different  authors, 
as  Dr.  Prieftly,  Ingenhouz,  &c. 

The  azotic  principle  combined  with  a due  por- 
tion of  oxygen,  forms  nitric  acid;  this  hasaftrong 
difpofition  to  combine  with  many  other  bodies, 
as  e.  g.  with  alkaline  falts,  in  combination  with 
which  it  is  found  in  certain  plants  and  earths. 

The  azotic  principle  has  alfo,  when  fet  at  liber- 
ty, an  attradion  for  hydrogen;  with  which, 
when  combined  in  a due  proportion,  it  forms 
ammonia  or  the  volatile  alkali,  a fubftance  like- 
wife  found  in  fome  plants,  united  with  acids. 

Azotic  gas,  or  azote  combined  with  heat, 
may  be  obtained  free  from  oxygen,  with  which 
it  is  mixed  in  the  atmqlphere,  by  expofing  to 
atmofpheric  air  a body  which  has  a fuperior 
eledive  attradion  for  the  oxygen,  and  which 
will  therefore  abforb  the  oxygen;  as  for  inftance, 
phofporus  or  heated  fulphur.  It  is  fet  at  liberty 
when  mixed  with  fixable  air,  by  the  procefs  of 

combuflion 
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combuftion  of  charcoal,  or  more  difficultly  by 
refpiration. 

When  combined  with  heat,  it  cannot  fup- 
port  life  nor  combuftion  ; and  therefore,  its 
prefence,  when  not  accompanied  by  oxygen, 
muft  be  more  or  lefs  hurtful  to  animals  and  ve- 
getables in  the  procefs  of  refpiration,  &c  ; yet 
its  other  qualities  foon  prevent  the  bad  effedl 
which  might  arife  from  its  prefence  : As  for  ex- 
ample, its  being  lighter  than  atmofpheric  air, 
caufes  it  to  rife  in  it,  or  to  leave  that  part  of 
the  atmofphere  where  it  has  been  deprived  of 
the  oxygen  either  by  the  procefs  of  refpiration 
or  combuftion,  and  confequently,  it  is  carried 
off  from  the  place  where  it  might  have  been 
hurtful  to  organized  bodies,  and  have  interrup- 
ted the  procefs  of  combuftion. 

Moll  plants  foon  die  when  expofed  in  it, 
but  there  are  fome  which  continue  to  grow  in 
it,  fuch  as  Lichen  verticillatus , — L.  aidelus , — L. 
radiciforviis — L.  pinnatus , and  moft  of  the 
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byfii ; — Agaricus  acephalus , — A.  aheruntius, — 
Boletus  botryoides , &c  ; according  to  the  obfer- 
vations  of  Mr.  Humbold,  and  Scopoli. 


\ 


' 


CARBON. 


. 


v. 


CARBON. 


47 


CARBON. 

This  matter  we  conlider  as  one  of  the  prin- 
cipal condiment  parts  of  vegetables.  And  it 
appears,  that  it  enters  and  accumulates  in  the 
conbitution  of  plants  in  proportion  to  their 
fucceffive  growth. 

Some  plants  however,  take  more  into  their 
compofition  than  others,  e.  g.  Agaricus  quercus, 
— A.  cmtiquus , — Boletus  verjicolor , — B.  igniari- 
us, — -B.  Jlriatus, — B.  perrennis, — -Clavaria  hy - 
poxylon , — G.  piftillaris , l#c.  ; all  thefe  contain, 
from  the  refults  of  analyds,  a quantity  almob 
equal  to  all  th€ir  other  component  parts;  but 
others  ; as  Lichen  crifpus , pinajlery  grcinulatus, 
— Agaricus  piperatus — Clavaria  aureay — Peziza 
agaricus,  Lycoperdon  tejjellatum , contain  a very 
fmall  portion  of  carbon. 
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Carbon  is  obtained  from  plants  in  its  moft 
fimple  date  by  heat ; namely,  in  expofing  ve- 
getable fubftances,  excluded  from  the  accefs  of 
pure  air,  to  fuch  a degree  of  heat  as  to  feparate 
all  the  volatile  fubftances  with  which  car- 
bon is  combined  ; in  which  cafe,  all  that  adheres 
then  to  the  remaining  carbon  may  be  a few 
earthy  or  fixed  faline  particles,  which  may  be 
feparated  from  the  carbon  by  water  and  acids. 

From  fome  experiments  it  appears,  that  car- 
bon in  that  ftate  retains  a certain  portion  of  wa- 
ter, and  according  to  Dr.  Bancroft,  alfo  a por- 
tion of  oxygen  which  caufes  its  black  colour. 
When,  therefore,  carbon  in  that  ftate,  is  expo- 
fed  in  a clofe  veftel,  and  a great- degree  of  heat 
applied,  that  portion  of  water  may  then 
be  decompofed,  and  thus  yield- hydrogen  gas, 
and  likewife  fixed  air  according  to  the  new 
theory. 

Carbon  obtained  from  vegetables  in  the  above- 
mentioned  procefs,  is  a black,  light,  opaque, 
matter,  which  is  infoluble  in  water,  and  as  far 

as 
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as  we  know  in  any  other  fluid  which  does  not 
enter  into  a new  combination  with  it ; it  is  fur- 
ther indeftrudible  by  the  mere  effed  of  heat, 
and  is  not  inflammable  when  excited  by  heat 
and  light  alone. 

But,  it  has  an  attradion  for  combination  with 
other  matters ; as  for  inftance,  for  oxygen  afiift- 
ed  by  heat  ; in  combination  with  which,  it 
produces  the  carbonic  acid  ; and  that,  by  the 
additional  combination  of  fenfible  heat,  pro- 
duces that  elaftic  fluid  called  fixable  air  or 
carbonic  acid  gas,  which  is  the  general  refult 
of  the  combuftion  of  inflammable  fubftances 
which  contain  carbon  in  their  compofition. 
In  this  date  of  combination  it  is  abforbable 
by  water,  and  thereby  rendered  fit  to  enter 
the  conftitution  of  plants.  For  the  knowledge 
of  the  properties  of  that  combination,  we  are  in- 
debted likewife  to  the  great  Dr.  Black. 

It  appears,  from  the  refults  of  fome  experi- 
ments, that  carbon  is  a compound ; and  fome  are 
of  opinion,  that  it  confifts  of  hydrogen  and  the 
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azotic  principle  ; this  fuppofition  certainly  de« 
ferves  the  attention  of  chemifts,  as  in  that  cafe, 
we  might  be  able  to  explain  the  formation  of 
carbonaceous  matter  in  plants  growing  in  a fi- 
tuation  merely  furroundedby  fand,  water,  andat- 

mofpheric  air,  in  which  no  carbon  has  been  difco- 

• ) 

vered  ; for  even  then,  plants'in  the  courfe  of 
their  growth  obtain  a great  portion  of  that  mat- 
ter, in  which  cafe  the  water  may  be  fuppofed 
to  afford  the  hydrogen,  and  the  atmofphere  the 
azotic  principle. 

The  editor  of  this  effay,  intends  to  enquire 
by  experiment  into  the  truth  of  this  opinion,  by 
expofing  a plant  to  mere  water  and  a fufficient 
quantity  of  atmofpheric  air  free  from  carbonic 
acid,  in  order  to  find,  whether,  in  the  courfe  of 
the  growth  of  the  plant,  the  quantity  of  azote  is 
greatly  diminifhed ; and  alfo  to  examine  what 
quantity  of  carbonaceous  matter  the  plant  may 
then  contain  in  its  compofition ; in  this  experi- 
ment, it  can  eafily  be  contrived  to  give  an  ad- 
ditional fupply  of  oxygen  gas  if  neceffary. 

However, 
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However,  as  it  is,  carbon  may  be  iifeful  in 
many  refpefts  in  promoting  the  growth  of  plants. 
In  the  ftate  of  carbonic  acid,  it  may  ferve  as  a 
ftimulus,  or  as  a fupply  to  plants : In  its  other 
ftate,  it  may  ferve  for  feparating  the  oxygen 
from  fuch  combinations  as  furround  plants,  and 
which  may  have  a noxious  effect  upon  them  ; 
or  it  may  promote  the  diflblution  of  old,  and 
the  formation  of  new,  combinations. 

In  the  mixture  of  carbonic  acid  and  heat,  as 

. * # % 
fixable  air,  on  entering  the  refpiratory  organs 

of  living  bodies,  it  foon  extinguifhes  life  ; but, 

when  introduced  into  the  other  parts  of  living 

bodies  deftined  for  digeftion,  &~c.  it  difcovers 

beneficial  qualities. 

The  noxious  quality  of  fixed  air  upon  refpira- 
tion  and  combuftion,  is  however  happily  modi- 
fied or  prevented  by  one  of  its  other  qualities, 
and  by  the  properties  of  other  fubftances ; in 

the  firft  place,  it  is  heavier  than  atmofpheric 

/ 

air,  and  confequently,  it  occupies  (when  formed 
and  fet  at  liberty,)  the  lower  region  of  the  at- 

mofphere, 
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mofphere,  and  cannot  thus  exert  its  hurtful 
quality  in  that  part  of  the  at  mofphere  from 
which  our  refpiratory  organs  receive  their  food, 
and  from  whence  combuftion  is  fupplied  ; fe- 
condly,  it  is  abforbable  by  water  and  different 
earths,  by  which  it  is  therefore  taken  up  and 
afterwards  conveyed  to  thofe  parts  of  plants, 
upon  which  it  induces  a beneficial  quality. 


The  earthy  and  faline  particles,  which  are 
occafionally  found  in  the  analyfis  of  plants, 
feem  not  to  be  peculiar  to  their  compofition  ; 
as  there  are  plants,  in  which  we  fcarcely  difco- 
ver  any,  and  others  again  wrhich  contain  a great 
quantity  of  them  : So  for  infiance,  earth  is 

found  in  a great  proportion,  in  hypnum  crijla 
cajlrenfis , and  neckera  dentroides  ; and  Mr. 
Humbold  found  by  an  analyfis,  that  the  chara 

vulgaris 
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vulgaris,  contained  about  q of  calcareous  mat- 
ter. 

/ 

Earths  probably  enter  plants,  in  a date  pre- 
pared by  carbonic  acid  and  diffolved  in  water; 
in  this  Hate,  earth  may  part  again  with  the  car- 
bonic acid,  by  a new  combination  with  the  acid 
formed  in  vegetables.,  and  may  thus  produce 
the  vegetable  felenite  which  is  found  in  plants. 
Earths  in  which  plants  grow,  may  become  very 
ufeful  to  them  in  many  refpeds : As  for  in- 
ftance,  by  attracting  and  abforbing  moifture  or 
other  nourishing  effluvia  from  the  furrounding 
atmofphere,  and  communicating  fuch  to  the 
proper  parts  or  organs  of  plants  in  a due 
proportion,  according  as  they  may  require  it  in 
the  different  periods  of  their  growth  : Farther, 
by  imbibing  the  matter  fecreted  by  the  roots 
of  plants,  which  might  become  hurtful  either 
to  themfelves,  or  to  thofe  growing  near  them ; 
by  abforbing  and  retaining  the  hurtful  part  of 
fome  of  their  applied  food,  or  other  deftru&ive 

matter  which  their  decompolition  may  pro- 

..  - .• 

duce. 
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Earth  is  likewife  ufeful  to  plants,  in  prevcnt- 
ing  by  its  cohefive  power  a too  rapid  cxtenfion 
of  their  roots,  fo  that  thefe  may  acquire  a pro- 
per firmnefs,  both  to  fuftain  the  different  effeds 
induced  upon  them  by  their  furrounding  me- 
dium, and  to  prevent,  by  its  interpofition,  a too 
fudden  effed  upon  them. 

Earths  have  alfo  the  quality  of  imbibing  fuch 
matter  from  the  ambient  atmofphere,  as  fixed 
air,  which  may  become  noxious  to  the  different 
parts  in  the  atmofphere. 

Earths  or  foils  become  beneficial  to  vegeta- 
tion, by  their  property  of  imbibing  light  fal- 
ling upon  them,  by  which  fenlible  heat  is  pro- 
duced, which  heat  occafions  a moderate  evapora- 
tion of  humidity,  and  difpofes  fuch  to  enter  the 
plants.  This  evaporation  is  attended  with  the 
prcdudion  of  a moderate  degree  of  eledricity, 
likewife  ufeful  to  vegetation  ; and  laflly,  the 
heat  thereby  produced,  becomes  adive  in 
promoting  a gradual  diffolution  and  prepara- 
tion 
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tion  of  their  applied  food,  & c.  Vide  Article 
Heat. 

Other  fubftances,  as  faline  bodies,  may  be 
ufeful  in  promoting  the  growth  of  plants,  by 
adting  as  a ftimulus  upon  them  when  they  are 
exhaufted,  or  when  they  are  too  much  exclud- 
ed from  the  other  general  agents  which  excite 
and  fupport  their  irritability,  or  may  become  a 
fubltitute  of  the  abforbent  earth,  or  modify  a 
too  ftrong  cohefion  of  certain  foils : As  for  in- 
ftance,  the  muriates  and  nitrates  of  alkaline 
fubftances,  felenites,  &c. 


Amongst  all  the  above-mentioned  fubftances 
which  are  neceflary  for  vegetation,  we  find  wa- 
ter, in  its  fluid  ftate  and  of  a moderate  tempera- 
ture, is  certainly  the  moft  eflential  fufiftance ; 
and  not  only,  that  its  component  parts  enter 
into  the  compofition  of  plants  and  their  pro- 
ducts, but  that  it  likewife  enters  the  vefiels  of 

plants 
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plants  in  an  undecompofed  date,  extends  them, 
modifies  the  heat,  conveys  their  various  foods 
to  their  different  parts,  and  gives  fluidity  to  the 
component  parts  of  their  juices,  and  thereby 
renders  them  more  fit  for  circulation.  It  re- 
frefhes  exhaufted  plants,  a&ing  as  a ftimulus; 
and  laftly,  it  difpofes  the  fubftances  intended 
for  their  food  to  diffolution,  as  it  is  neceffary, 
for  fermentation,  or  putrefa&ion* 
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PLANTS. 

Pl  ANTS,  placed  immediately  after  animals, 
conftitute  the  fecond  clafs  of  organized  bodies. 

The  more  we  inquire  into  the  economy  of 
plants,  the  more  we  difcover  a fimilarity  be- 
tween them  and  animals.  Plants  live ; they  o- 
riginate  from  bodies  of  their  own  kind  in  an 
uninterrupted  fuccefiion ; they  aflume  various 
forms  fucceffively,  from  the  firft  moment  of 
their  exigence  and  life,  till  their  final  decay ; 
they  contribute  to  their  own  growth  and  prefer- 
vation,  by  receiving  foreign  fubftances  into 
their  bodies  through  their  vefiels  or  organs.  Thefe 
received  fubftances  are  changed  by  the  peculiar 
internal  operations  of  the  plants,  and  are  therein 
prepared,  partly,  to  enter  into  their  proper  con- 
ftiturion,  and  partly,  for  the  purpofe  of  the  for- 

H mation 
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mation  of  their  products,  which  become  thereby 
different  from  the  component  parts  of  the  plants 
themfelves,  and  different  alfo  from  the  nature  of 
the  fubflances  which  they  had  received  from 
without.  Plants  die,  that  is,  their  organs  are  de- 
prived of  the  power  of  receiving  food,  and  of  pre- 
paring it  for  their  further  exiftence. 

Plants  like  animals,  experience  three  diffe- 
rent periods  in  the  courfe  of  their  exiftence ; — 
viz. — origin  or  beginning, — formation, — and 
death. 

Death  is  attended  with  a decay  of  bodies,  and 
this  again  with  a feparation,  'diflolution,  and  de- 
compofition  of  their  conftituent  parts ; which 
thus  follow  the  laws  of  chemical  attraction  and 
combination. 

The  living  body  is  indued  with  a peculiar  in- 
ternal power,  which  occaftons  a diffolution  of 
the  attraction  of  chemical  combination,  and 
which  prevents  the  principles  of  bodies  from 
acting  upon,  and  from  combining  with  each  o- 

ther. 
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ther,  according  to  the  law  of  chemical  attrac- 
tion. 

The  fubftances  of  which  organized  bodies  are 
compofed  and  conftructed,  when  thefe  bodies  are 
living,  follow  the  laws  of  their  natural  impulfe 
of  figuration,  ( nifus  formativus  of  Blumenbach), 
which  impulfe  exifts  in  all  organized  bodies,  and 
caufes  each  of  them  to  aflume  and  preferve 
their  peculiar  fhapes. 

The  diftinguififing  marks  for  the  two  general 
dalles  of  organized  bodies,  are  derived, 

ijl , From  their  organs  or  parts  for  receiving 
food. 

2 d,  From  motion. 

( Blumenbach , Hanbuch  der  Nciturgefch . 

§.  3.  4.  £4?  170 .) 

All  bodies  which  receive  their  food  through 
more  than  one  channel  or  mouth,  and  which 
are  deftitute  of  the  power  of  a voluntary  ex- 
tenfion  and  contradlion  of  parts,  are  arranged 
under  the  divifion  of  plants. 

Life 
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Life  fignifies  the  uninterrupted  motion  of  or- 
ganized bodies. 

In  plants  we  obferve, 

i ft.  An  uninterrupted  motion  which  is  cauf- 
ed, 

a.  By  the  vital  power. 

b.  By  external  ftimulus. 

id,  Uninterrupted  motion,  occafioned  by  an 
internal  ftimulus ; as  for  inftance,  the  motion 
of  the  Jlcimina  towards  the  Jligvia , and  the  re- 
ceftion  from  the  Jligma  before  and  after  impreg- 
nation in  the  parnaflia  palujlris , 13c. — Vide  Mr. 
Humbold’s  obfervations  on  the  ftamina  of  the 
parnaftia  palujlris  in  UJlers  Annales  of  botany, 
No.  3. 

Another  example  of  the  fame  nature,  and 
which  will  be  referred  to  when  treating  on  the 
irritability  of  plants,  is,  that  moft  of  the  wa- 
ter plants  rife  or  move  to  the  furface  of  the 
water  when  about  to  bloom,  and  fo  fink,  or 
are  immerfed  again,  as  foon  as  they  are  im- 
pregnated fuch  we  obferve  in  valifneria  ; 
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the  female  flower  of  this  plant  is  fixed  up- 
on a long  fpiral  ftalk,  when  the  time  of  the 
blofioming  approaches,  the  (talk  unwinds,  and 
raifes  the  flower  above  the  furface  of  the  wa- 
ter ; the  male  plant  produces  a number  of  flow- 
er buds  under  the  water,  thefe  grow  upon  fliort 
and  ftraight  ftalks,  but  when  about  to  blow, 
they  feparate  or  detach  themfelves  from  the 
{talks,  and  rife  to  the  furface  of  the  water, 
where  they  fwim  and  burft  or  unfold,  and  then 
impregnate  the  female  flower;  w7hich,  after  the 
impregnation,  returns  again  under  the  water. 

3d,  Interrupted  motion  occafioned  by  exter- 
nal ftimulus ; as  for  inftance,  in  the  mimofa 
pudicci , dionsea  mufcipula,  oxalis  fenfitiva , 

In  the  ftri&eft  fenfe,  vital  power  is  the  caufe 
of  all  motion,  it  only  manifefts  itfelf  varioufly, 
according  as  it  is  excited,  or  brought  into  acti- 
vity, by  external  or  internal  ftimulus,  or  by 
mechanical  powers. 

Though  plants  generally  feem  not  to  be  capa- 
ble of  moving  from  their  fituation,  or  to  be  fta- 

tionary. 
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tionary,  yet  there  are  exceptions  ; as,  for  in- 
fiance,  the  lemna,  which  changes  its  flation. 

Like  plants,  there  are  alfo  animals,  as  the 
lepus  balanus , aflrea  edulis , and  lemma,  which 
are  incapable  of  changing  their  fituation;  hence, 
the  capacity  of  organized  bodies,  of  changing 
the  flation,  is  not  peculiar  to  animals  alone. 

If  we  take  it  in  the  flridtefl  fenfe,  we  may  ap- 
propriate a moving  power  to  feveral  plants ; as 
ajuga  reptans,  glecoma  hedercicea , and  cufcu- 
ta  europcca . 

There  are  many  inflances  in  which  animals 
referable  plants ; as,  for  inflance,  we  obferve 
that  many  infe&s  begin  and  finifh  their  courfe 
of  life  with  the  clofe  of  one  fummer,  like  the 
annual  plants.  As  to  the  propagation  of  fepa- 
rated  parts  of  plants,  we  obferve  fimilar  in- 
flances in  parts  feparated  from  animals,  as  po- 
lyps, and  other  aquatic  animals. 

Uninterrupted  motion,  we  confider  as  a 
doubtlefs  charaderiftical  mark  of  living  bodies. 
T^his  we  obferve  in  animals  and  plants;  both 

difcover 
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clifcover  more  activity  in  the  fpring  than  in 
winter. 

The  total  interruption  or  fufpenlion  of  life 
caufes  death.  Though  the  motion  of  many 
plants  is  fcarcely,  or  often  not  at  all  perceptible 
in  the  winter  feafon;  yet  it  would  be  contrary 
to  all  experience,  to  fuppofe  that  plants  fhould 
then  ceafe  to  live,  if  nothing  elfe  has  occahoned 
their  deftru&ion. 

We  know  that  plants,  like  animals,  receive 
and  excite  matter  of  heat,  and  that  both  mani- 
feft  fenlible  heat.  Later  difcoveries  have  alfo 
proved,  that  plants  emit  or  yield  matter  of  heat 
even  in  the  winter  feafon. 

The  modi  atmofphere  which  we  perceive  in 
the  (hade  under  trees,  probably  originates,  not 
merely  from  their  being  excluded  from  the  light 
of  the  fun,  but  becaufe  the  trees  attradl  and 
imbibe  a great  portion  of  matter  of  heat,  by 
which  the  water  thereby  held  in  the  atmc- 
fphere  is  deprived  of  its  elafticity,  and  is  thus 
made  to  feparate  in  the  (late  of  moifture. 
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Plants  may  receive  heat  from  the  furround- 
ing  atmofphere,  by  imbibing  the  air,  and  partly 
decompofing  it,  and  alfo  from  their  food  during 
the  digedion.  Buffon  and  Hunter  have  proved 
the  find,  that  plants  have  a power  of  producing 
fenlible  heat. 

V 

Though  plants  receive  their  food  through 
various  canals  or  mouths,  and  do  not  colled: 
them  in  one  refervoir  like  animals ; yet,  the 
mode  and  effed  of  their  digeftion  refembles 
much  that  of  animals.  They  part  like  animals, 
with  the  fuperfluous  and  ufelefs  matter;  and  this 
feparation  they  effeduate,  not  only  by  their  re- 
fpiratory  organs,  the  leaves  and  Hems,  but  alfo 
by  other  fecretions  fimilar  to  what  we  obferve 
in  animals. 

Mr.  Humbold,  a gentleman  of  great  reputa- 
tion among  the  learned  in  Germany,  has  ob« 
ferved,  that  plants  really  fecrete  impurities 
through  the  extremities  of  their  roots  during 
the  night,  which  excrements  may,  like  thofe 

of 
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thofe  of  animals,  prove  fometimes  ufeful,  fome- 
times  hurtful,  to  other  neighbouring  plants.  “ Sic 
“ laeditur/’  fays  he,  “ avena  a ferratula  arvenji , 
“ triticum  ab  erigero  acri,  linum  ab  euphorbia 
“ peplo  et  fcabiofa  arvenji,  polygonum  fagopy - 
“ rum,  a fpergula  arvenji,  &c.”  From  this  he 

derives  the  effed  of  fallowing,  and  the  harmony 

» \ 

among  plants. 

It  is  a well  known  fad,  that  fome  trees  will 
not  grow  well  near  others,  or  that  the  one  is 
hurt  or  fuppreffed  by  another  of  a different 
kind.  The  caufe  of  this  was  thus  explained, 
that  the  one  deprived  the  other  of  its  necelTary 
portion  of  food ; but  Mr.  Udar  fuppofes,  with 
much  plaufibility,  that  the  fecreted  matter  of 
one  kind  of  plants  or  trees,  may  likewife  add  to 
the  caufe  of  the  deftrudion  or  injury  of  others. 
There  are  plants  which  do  not  allow  others  to 
grow  near  them,  and  which  feem  to  prefer  a 
folitary  life.  This  circumftance  has  given  rife 

1 

to  a divilion  of  plants,  into  Sociat^t:  and  Soli- 
YAftiiE.  Similar  antipathy  we  obferve  likewife 
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among  animals;  as  certain  different  genera  of 
animals  will  not  live  together  in  harmony. 

Mr.  Uflar  is  opinion,  that  this  partly  arifes 
from  phyfical  caufes ; as  he  obferved,  that  cer- 
tain animals  cannot  bear  the  effluvia  of  others. 

Though  certain  plants  fhow  a great  antipa- 
thy to  one  another,  yet  there  are  fome  which 
affiff  the  growth  of  others.  So,  for  inflance, 
we  find  the  birch  often  nourifhing  the  oak  and 
the  beech. 

Plants  and  animals  perfpire  liquid  and  per- 
manent elaftic  fluids.  The  exhalation  from 
certain  parts  of  animals  varies  refpe&ing  the 
quantity  and  compofition  of  the  matter  perfpir- 
ed;  the  fame  we  obferve  reflecting  plants. 

The  caufe  why  certain  parts  of  plants  pro- 
duce conftantly  the  fame  juices  and  exhalations, 
lies  probably  in  the  peculiarity  of  ftrudture  of 
the  organs,  difpofed  in  the  various  parts  of  liv- 
ing plants. 
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With  refpeCt  to  propagation,  we  obferve  a - 
gain  a fimilarity  in  both  clafTes  of  organized  bo- 
dies, in  the  more  natural  mode  of  propagation, 
and  in  the  production  of  mules  or  hybrids. 

With  refpect  to  the  production  of  hybrids,  the 
following  laws  are  common  to  both : 

ijl.  Only  fuch  plants  and  animals  are  mif- 
cible,  as  have  natural  affinity  to  each  other; 
hence,  neither  hens  and  rabbits,  nor  oaks  and 
pines  are  milcible. 

The  affinity  of  plants  is  not  always  to  be  de- 
termined by  their  external  form ; not  unfre- 
quently  we  muff  afcertain  it  by  the  fimilarity 
of  their  pollen. 

2d,  The  hybrid  approaches  always  to  the 
male,  in  the  fubfequent  generation.  In  re- 
gard to  the  parts  of  generation,  we  obferve 
great  differences  between  animals  and  plants; 
thofe  of  the  former  are  permanent,  and  thofe 
of  the  latter  are  reproduced  for  every  fuccefiive 
generation. 

\ 

How  nearly  plants  approach  to  animals  re- 

fpe&ing 
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fpe&ing  their  copulation,  &c ; we  may  fee 
from  the  obfervations  contained  in  tine  valuable 
dilfertations  of  the  great  Hedwig,  viz.  his 
Hiftory  of  Modes,  and  Account  of  the  Fructifi- 
cation of  the  Cryptogamic  Plants. 

Winter  deep  or  red,  is  common  to  animals 
and  plants;  duiing  this  time  the  action  of  their 

4 ' 

organs  does  not  ceafe,  it  is  only  modified. 

To  the  analogy  between  plants  and  animals, 
we  may  add  the  power  of  reproduction. 

a.  Reproduction  of  parts  lod  by  the  natural 
difpofition  which  is  common  to  both  ; viz.  in 
animals,  the  fall  and  reproduction  of  hairs,  fea- 
thers, and  horns,  in  the  autumn  and  fpring ; in 
plants,  the  feparation  and  reproduction  of  the 
cuticle  and  leaves. 

b.  The  reproduction  of  parts  accidentally  de- 
ftroyed,  to  which  we  refer  the  confolidation  of 
wounds. 

The  caufe  of  reproduction  was  generally  at- 
tributed to  the  prefence  of  a number  of  original 
embryos,  exiding  or  previoudy  difperfed  through 

the 
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the  body,  and  which  are  occafionally  evolved,  if 
there  be  a fufiicient  fupply  of  food,  &c. 

The  excellent  Phyfiologift,  Profeffor  Blumen- 
bach  of  the  Univerfity  of  Gottingen,  however, 
has  favoured  us  with  a different  and  very  inge- 
nious theory  ; according  to  him,  there  exift  no 
preformed  embryos  in  organized  bodies;  but  he 
alleges,  that  in  the  prior  unformed  generative 
matter  of  organized  bodies,  after  it  arrives  at  ma- 

l 

turity.and  has  reached  its  fixed  and  deftined  fitu- 
ation,  a peculiar  and  continually  acting  impulfive 
force  is  fet  at  liberty,  and  caufes  this  matter  to 
acquire  or  affume  a certain  form  at  firft,  and 
to  preferve  the  fame  afterwards;  fo,  that  if  fuch 
form  be  injured  or  loft,  it  may  be  repaired  or 
reproduced.  This  impulfe  or  impulfive  force 
is  cpnnefted  with  the  vital  powers,  but  equally 
and  evidently  differs  from  contradtability,  irrita- 
bility, and  fenfibility,  as  well  as  from  the  com- 
mon phyfical  powers  of  bodies;  and  it  appears  to 
be  the  firft,  -and  moft  effential  inftindtive  power 

1 1 
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necelfary  for  generation,  confervation,  and  re- 
production. 


or  THE 

NISUS  FORMATIVUS  of  BLUMENBACH  *. 

A HERE  are  two  theories  known  of  generation 
and  reproduction.  The  one  is  diftinguilhed  by 
the  name  of  Epigenefis : by  this  it  is  maintained, 
that  when  the  mature,  but  crude  and  unform- 
ed generative  matter  of  the  parents,  reaches 
the  place  deftined  for  its  reception,  at  the  pro- 
per time,  and  under  the  necefiary  circumftan- 
ces,  it  is  then  gradually  formed  into  a crea- 
ture. 

The  other  theory  is  dihinguilhed  by  that  of 
Evolution.  This  theory  denies  all  generation 
of  the  organized  world  ; it  contends,  that  na- 
ture had  at  once  produced  the  embryos  for  all 

animals 

i 

* Vide  his  treatife  on  that  fubjeft. 
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animals  and  vegetables,  which  ever  have  lived, 
and  which  ever  lhall  live,  at  the  fird  creation  ; 
fo  that  now  nothing  is  neceffury  for  the  produc- 
tion of  thefe,  but  a fucceffive  evolution  of  the 
embryo.  To  this  theory  Mr.  Blumenbach 
makes  very  ftrong  objections,  as  may  be  feen 
in  his  treatife  on  generation,  lately  tranllated 
into  Englifh  by  Dr.  Crichton  of  London. 

Blumenbach  remarks,  that  many  unorganized 
bodies  alTume  a regular  form  when  properly  dif- 
pofed  for  it,  as  we  obferve  in  the  cryllallifation  of 
falts,  and  various  other  fubftances.  Though  this 
power  or  caufe  is  different  from  the  impulfe  of 
figuration  of  organized  bodies;  yet  it  is  evident, 
.that  there  mud  be  fomething  which  has  the 
power,  or  which  caufes  the  fame  bodies  to  af- 
fume  the  fame  regular  form  under  the  fame  cir- 
cumftances. 

In  order  to  perceive  the  effecd  of  the  impulfe 
of  figuration  mod  didin&ly,  Dr.  Blumenbach 
chofe  fuch  organized  bodies  for  the  fubjecds  of 
his  obfervations,  as  have  a confiderable  fize, 

yet 
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yet  are  almoft  tranfparent  and  grow  very  fad, 
In  thefe  he  was  enabled  to  obferve  even  the  in- 
terior change  and  operation  of  their  formation, 
e.  g.  conferva  fontinalis.  This  vegetable  be- 
ing is  well  known  to  botanifts;  it  confifts  of  a 
fingle,  almoft  ftraight,  fhort,  and  flender  thread  ; 
the  fine  hair-like  matter  which  we  obferve  in  the 
fpring  in  wells,  &c.  conlifts  of  a great  number 
of  thefe  plants,  which  have  fhot  forth  and  fixed 
their  roots  in  the  mud. 

The  propagation  of  this  plant  thus  proceeds ; 
the  extremities  of  the  threads  fwell,  and  form 
fmall  tubera  or  heads,  which  gradually  feparate 
from  the  mother  threads,  and  attaching  them- 
felves  to  fome  particular  fpot,  they  grow  in  a 
fhort  time  to  a perfed  thread.  The  whole  pro- 
grefs  of  their  formation  can  be  obferved  in  the 

couvfe  of  48  hours. 

Dr.  Blumenbach  could  not  difcover,  by  the 
aid  of  the  bell  magnifying  glades,  any  trace  of 

an  involved  embryo,  &*c,  j he  made  alfo  fimi- 

milar 
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milar  obfervations  on  a certain  kind  of  po- 

lyp. 

The  re  fait  of  his  obfervation  was,  that ; 

1/7,  The  impulfe  of  figuration  proceeds  ra- 
pidly in  early  life,  {lowly  and  more  perfectly  in 
advanced  age. 

a.  By  the  generation  of  the  foetus ; 

b.  By  the  reproduction  of  parts  on  the  form- 
ed bodies  of  plants  and  animals. 

2J,  The  power  of  figurative  impulfe  varies  5 

a.  In  various  parts  of  the  body  ; 

b.  In  different  bodies. 

In  like  manner,  we  obferve  diverfity  refpec- 
fing  irritability  in  certain  parts  of  plants  hereaf- 
ter to  be  treated  of. 

3 dj  The  impulfe  of  figuration,  or  Nifus  For~ 
mativus , takes  fometimes  a preternatural  direc- 
tion; in  which  cafe  there  are  produced, 

a.  Heterogeneous  forms,  as  horns  and  hairs; 
or,  in  plants,  we  obferve  leaves  refem- 
bling  thofe  of  a different  fpecies. 

b.  Preternatural  forms,  as  monfters. 

K 
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The  caufe  of  fuch  deviation  we  cannot  inves- 
tigate. Inflances  of  it  more  rarely  occur,  how- 
ever, in  wild  and  unconfined  animals,  and  more 
frequently  in  fuch  as  are  confined  or  domeftica- 
ted ; for  climate  and  food,  both  feem  to  have- 
great  influence  in  caufing  fuch  deviations* 


ORGANIZED  BODIES  CONSIST; 


gen,  are  the  chief  principles  of  plants. 

The  folid  mafs  of  fuch  bodies  is  partly  orga- 
nized, partly  deflitute  of  organization. 

Every  living  creature  is  provided  with  various 


id,  Of  fluids. 


The  latter  are, 

a.  Liquid ; or,' 

b.  Permanently  elaflic  fluids. 


Carbon,  hydrogen,  azotic  principle,  and  oxy- 


veffels 


w 
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vefTels  and  inftruments,  necefTary  for  its  propa- 
gation, prefervation,  and  for  promoting  its  pe- 

\ a 4 

riodical  growth  ; thefe  conftitute  its  organized 
part. 

The  organs  of  animals  and  vegetables  have, 
or  aflume,  a determined  ftruclure,  which  does 
not  depend  on  accidental  caufes. 

The  folid  parts  of  plants  Mr.  Uflar  divides 
into, 

j/l,  Primitive  folid  fibres,  which  he  calls  fa - 
fern; 

id,  Simple  fibres. 

By  primitive  fibre  (fafer ),  he  means  the  un- 
organized matter;  it  is  the  whole  corpufcular 
mafs,  which  pofTefles  the  vital  power  only  when 
in  connexion  with  the  organized  parts  ; the 
ufe  of  it  is,  to  conned!  the  fmallefl  fibres, 
and  thofe  vefTels  which  are  more  or  lefs  compo- 
fed  of  them,  to  cover  them,  and  to  fill  up  their 
interfaces. 

The  whole  unorganized  mafs  Mr,  Uflar  calls 

cellular 


1*  OBSERVATIONS 

cellular  web;  what  Bordeu  calls  tiffu  inu- 
queux. 

All  folid  parts  of  plants  are  formed  of  one 
and  the  fame  matter,  Cellular  Matter.  This 
probably  originates  from  gelatinous  juices,  in 
combination  with  other  principles ; by  the  ac- 
quirement of  it,  all  forms  are  generated  ; 
hence  the  appearance  of  organization,  in  unor- 
ganized parts. 

The  fun  pie  parts  of  the  organized  mafs  con- 
flit  of  fibres.  iX  Sojidarum  partium  in  anima- 
“ libus  et  vegetabilibus  communis  eft  ea  fabrica-, 

“ ut  earum  elementa,  quae  fubtilifllma  micro- 

* 

“ fcopium  attingit,  fibrae  fint. — Haller.” 
Fibres,  as  far  as  we  have  been  able  to  difco- 
ver  tfapir  moll  fimple  ftate,  are  thin  cylindrical 
lines ; their  matter  is  cellular  web. 

The  folidity  of  the  fibres,  as  well  as  that  of 
the  whole  organization,  depends  on  the  denfity 
of  the  cellular  web,  that  being  the  matter  of 
which  they  were  formed  ; and  the  denfity  of  the 
cellular  web,  depends  upon  the  clofe,  or  loofe 

condition 
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condition  of  the  imaginary  fimple  fibres  of 
which  that  is  again  compofed,  as  well  as  from 
the  intimate  conne&ion  of  thofe  parts  among 
themfelves. 

Ey  the  combination  of  fibres  veffels  are  form- 
ed ; this  is  the  fecond  (tep  of  organization.  The 
third  flep  confifts  in  the  conne&ion  of  certain 
veffels,  of  which  compound  organs  or  inftru- 
ments  are  formed.  It  appears,  that  a very  in- 
timate combination  among  the  organs  of  orga- 
nized bodies  takes  place ; elfe  confiderable  in- 
juries of  parts  of  plants  would  immediately 
caufe  their  deftrudlion  or  death ; which,  how- 
ever, is  feldom  the  cafe.  According  to  Mr. 
Uflar’s  opinion,  the  combination  of  fibres,  vef- 
fels, and  inftruments,  is  produced, 

a.  Diredlly  by  the  unorganized  mafs, 

b,  By  the  interweaving  of  very  minute 
branches,  whofe  extremities  terminate 
in  open  mouths. 

Simple  as  the  fluid ure  of  plants  and  their  or- 

/ 

ganization 
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ganization  appears,  yet  we  obferve  a great 
complication  in  the  connection  or  compofition 
of  the  fibres  of  the  cellular  web.  This  has  been 
fufficiently  obferved  and  fhown  by  phyfiologifts; 
and  any  body  may  eafily  convince  himfelf,  by 
the  aid  of  a magnifying  glafs,  that  each  genus 
and  fpecies  of  plants  has  fomething  peculiar  in 
the  connexion  of  the  fibres  of  the  cellular 
web  ; and  that  the  proportion  of  the  veflels  va- 
ries as  to  fize  and  number;  it  hence  naturally 
follows,  that  the  preparation  of  the  received 
alimentary  juice  mult  thereby  be  varioufly  al- 
tered or  modified ; and  thence  the  great  varie- 
ty among  vegetables  may  originate. 

In  the  animal  body  we  difcover  two  different 
hind  of  fibres, 

\ 

i /?,  The  fenfible  or  nervous  fibres ; of  which 
the  nerves  of  animals  are  compofed.  We  fhall 
hereafter  obferve,  that  fenfiition  depends  on 
nerves,  a property  of  which  plants  are  defti- 
tute,  according  to  the  general  opinion.  In  fo 
far  as  we  underftand  by  fenfation,  the  percep- 


tion 
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tion  of  external  things,  and  the  fufceptibility  of 
pleafant  and  disagreeable  impreflions,  we  may 
confider  plants  to  be  deflitute  of  that  fenfa- 
tion. 

Animals  poffefs  the  property  of  fenfation  in 
very  different  degrees.  In  many  of  them  we 
difcoyer  it  in  a very  inferior  degree  ; fo  that 
the  motion  by  which  it  becomes  manifeft,  ap- 
pears to  refult  merely  from  a ftimulus  acting  di- 
retUy  upon  the  irritable  fibre,  like  what  we 
obferve  in  plants. 

Mr.  Uflar  does  not  choofe  to  compare  this  to 
the  motion  which  is  caufed  by  the  irritability  of 
plants,  though  Something  might  be  deduced 
from  it,  which  may  fhow  the  clofe  analogy 
between  the  inferior  tribes  of  animals  and 
plants.  The  nervous  fibre  has  not  yet  been 
difcovered  in  plants;  and  the  want  of  fenfation, 
taken  in  the  ftrifteft  fenfe,  affords  already  the 
analogical  conclufion  of  the  abfence  of  this 
fibre. 

id,  Another  kind  of  a fibre,  totally  different 

from 
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So 

from  the  foregoing,  is  the  mufcular  fibre,  (fibrci 
irritabilis.)  I his  is  common  in  all  organized 
bodies.  It  exifts  in  plants  as  well  as  in  a- 

i 

nimals.  It  not  only  caufes  the  motion  ; but  it 
is  alfo  the  material  caufe  of  life,  in  fo  far  as 
we  confider  irritability  as  a vital  principle  of  or- 
ganized bodies. 

Ihe  power  of  contra&ion,  in  organized  bo* 
dies,  depends  on  the  irritability  of  the  mufcular 
libre ; that  wherever,  therefore,  we  obferve  a 
contra&ion  of  the  parts  to  which  a ftimulus  is 
applied,  we  may  fafely  conclude  the  prefence 

of  mufcular  fibre  in  thefe  parts.  Haller  fays, 

/ 

that,  in  many  cafes,  we  difcover  the  exiftence 

of  mufcular  fibre  in  certain  parts,  more  by  its 

/ ' 

eftedf,  than  by  our  organs  of  vilion. 

If  the  caufe  of  contraction,  obferved  after  ap- 
plied ftimulus,  lies  in  the  irritability;  and  if  it 
is  true,  as  it  really  appears  to  be,  that  only  the 
mufcular  fibre  pofleftes  irritability ; it  is  then 
not  difficult  to  prove  the  exiftence  of  irri- 
table fibres  in  plants  ; by  viftble  perceptions. 
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It  is  well  known,  that  the  leaves,  Italics,  ancl 
Itamina,  of  many  plants  manifeft  irritability,  or 
contract  when  touched  ; e.  g.  the  leaves  of  dro- 
fera  longifolia , drofera  rotundifoUa , dionaea  muf- 
cipulci , averrhoa  ccirambolci , mimofa,  &c.  the  Ita- 
mina of  the  cactus  opuntia , and  feverai  other 
fpecies  of  that  genus,  the  Itamina  of  berberis  vul- 
garis, heliotropium,  parietaria  officinalis,  lilium 
fuperbum , calendula,  martynia  annua , and  fe- 
verai of  the  urtica  genus,  as,  for  inltance, 
uvtica  dioica.  On  this  fubjedt  we  have  a va- 
luable dilfertation  by  Mr.  Medicus,  Prime 
Counfellor,  &c.  Of  the  Inliinft  of  Plants  for 
copulation,  in  Hilt,  et  Comment.  Acad.  Theod. 
Palat.  Tom.  III.  pag.  1 16,  et feq.  and  alfo  by  Des 

Fontaines,  on  the  irritability  of  plants  in  general, 

* 

Bonnet,  Broulfonet,  Hope  in  Diflert.  quaedam 
de  Plantarum  Motibus  et  Vita  compledtens, 
Edin.  1787  ; and  Gmelin  de  Irritabilitate 
Plantarum. 

This  may  fuflice,  for  the  prefent,  to  prove 
the  exiftence  of  irritable  fibre  in  plants,  or  in  all 

L organized 
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oiganized  bodies ; more  will  be  faid  upon  this 
Subject  in  treating  of  irritability,  in  particular 
examples. 

Mr.  Gritanner,  by  bis  experiments,  endea- 
vours to  prove  the  exiflence  of  three  different 
kinds  of  irritable  fibres. 

i ft.  The  Straight  Fibre  (reclci),  which  con- 
tracts longitudinally,  or  in  fuch  a manner,  that 
the  extremities  approach  each  other. 

'id.  The  Spiral  Fibre  (fpiralis),  by  the  con- 
traction of  which  the  diameter  of  the  velfels 
which  are  formed  by  it  is  diminiflied. 

3 d , The  Circular  Fibre  ( circular  is ),  general- 
ly difeovered  at  the  extremities  of  veffels;  the 
apertures  of  which  it  clofes  by  its  contrac- 
tion. 

The  contraCtilify  of  the  irritable  fibre  ma- 
nifefis  itfelf  after  an  applied  ftimulus.  But 
there  is  a difference  in  the  effeCt  of  the  contrac- 
tion, according  to  the  different  external  form  of 
the  fibre ; and  alfo,  with  reSpcCt  to- the  velocity 

with 
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With  which  the  ftimulus  is  received.  The  con- 
traction of  the  ftraight  fibre  takes  place  quick- 
ly, or  even  inftantly  throughout  the  whole  fi- 
bre, as  foon  as  one  of  its  parts  receives  the  fti- 
mulus ; from  which  it  may  be  concluded,  that 
thefe  ftraight  fibres  exift  particularly  in  thofe  parts 
of  plants,  the  contraction  of  which  takes  place 
immediately  and  perfectly;  as,  for  inftance, 
the  leaves  of  dionaea  mufcipula , and  mimofa^w- 
dica.  The  contraction  of  the  circular  fibre  takes 
place  more  flowly  and  gradually ; that  of  the 
fpiral  fibre  is  flowed  of  any.  The  ftimulu9 
which  is  quickly  communicated  from  every 
part  of  the  ftraight  fibre  to  the  others,  proceeds 
but  flowly  in  the  circular  and  fpiral  fibres ; it 
is  communicated  fuccelfively  to  their  different 
parts;  and  manifefts  correfponding  effeCts.  This 
contraction  of  the  fpiral  fibre  has  been  called 
Periftaltic  Motion;  and  Malpighi  was  perhaps 
the  firft  who  difcovered  it  in  the  fpiral  veffels 
feparated  from  the  ftem  ; it  is  likewife  found  in 
the  inteftines  of  animals. 

The 
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The  VESSELS  and  INSTRUMENTS,  or 
ORGANS  of  PLANTS,  may  be 

DIVIDED  INTO  ; 

I ft,  ORGANS  for  fecretion  ; 

id,  Organs  of  motion. 

Farther,  according  to  Hedwig,  with  regard 
to  the  direction  in  which  they  move  their  con- 
tained juices. 

a.  Either  from  the  Item  towards  the  bran- 
ches, ( adducentia.) 

b.  Or  from  the  branches  towards  the  item 
and  roots,  ( revehentia.) 

Moreover,  the  organs  of  plants  may  be  divid- 
ed into  thofe  which  ; 

ijl,  Serve  for  the  continuation  and  preferva- 
tion  of  life ; 
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2 di  Effe&uate  the  propagation  and  genera- 
tion of  the  germs  of  new  bodies  of  the  fame 
kind. 

For  this  purpofe  it  appears,  that  all  the  organs 
and  Angle  fibres  harmonioufly  unite  their  pow- 
ers. Harmony  manifeftly  exifts  in  the  whole 
creation;  by  it  all  nature  is  concatenated;  the 
more  therefore  may  we  prefuppofe  it  in  the  ftruc- 
ture  of  any  Angle  body. 

In  the  more  particular  difcrimination  of  the 
various  veffels,  Mr.  UAar  follows  the  famous  Mr. 
Batfch  ; he  conAders  them  as,  ] 

iji.  Filamentous. 

a.  Utricles,  ( utriculi ),  which  are  produced 
or  adhere  horizontally ; 

b.  Succiferous,  or  fap-veffels  ( vafa  fucco- 
fa ),  which  proceed  longitudinally  in 
plants ; thefe  may  be  divided  into, 

a.  Pith-velfels,  ( vafa  medullarici),  which  are 
chieAy  found  in  the  medulla ; 

b.  Nutricious-veAels,  (vafa  propria,  nutri - 
entia  ; ) 
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c.  Ly m pb  a t i c-v  ede  Is,  (lymphatica. ) 

2d,  Spiral  vedels;  they  confid  of  flatted  fibres 
or  threads,  of  an  equal  breadth,  which  are 
wound  or  coiled  up  in  a fpiral  manner,  fo  as  to 
form  a tube  ; ( trachea,  vafa  aerea  or  fpiral i a ). 

Medrs.  Grew  and  Reichel  confider  them, 
contrary  to  Malpighi’s  opinion,  as  confiding  of 
feveral  fibres,  whereas  the  latter  confiders  them 
as  made  up  of  a fingle  fibre. 

They  are  found  for  the  mod  part  underneath 

the  bark,  and  frequently  under  the  cuticle  of 
/ , 
fuch  plants  as  have  no  proper  cortical  ftrata ; 

as,  for  indance,  the  grades ; they  are  very  ir- 
ritable, and  contract  by  an  applied  dimu- 
lus. 

Malpighi  reprefents,  that  thefe  vedels  are 
condantly  filled  with  air,  and  that  they  refem- 
ble  the  tracheae,  or  air-vedels  of  infects;  Mr. 
Grew,  on  the  contrary,  aderts,  that  they  con- 
tain occafionally  different  juices.  Their  great  ufe 
is  to  ferve  as  refervoirs  for  air;  but  modern  phy- 
fiologids  afcribe  fome  other  qualities  to  them  : 

Lin  nd 
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Lirine  thought  that  he  had  difcovered  the  living 
power  of  plants  to  refide  in  the  medulla  or  pith, 
and  that  the  production  of  the  corculum  or  rudi- 
ment of  new  plants  was  derived  from  it ; this 
however,  at  prefent  is  believed  to  be  produced 
by  the  fftulce  fpirales  *. 

The  before-mentioned  fuppolition  feems  to 
be  very  probable;  for  how  fliould  it  be  poffible, 
that  plants,  or  hollow  trees,  which  have  loft  the 
greateft  part  of  their  pith  or  medulla,  as  vve  fre- 
quently obferve  on  the  old  Items  of  willows, 
&c.  fliould  be  able  to  produce  new  parts,  e.  g. 
buds,  and  feeds,  and  fliould  continue  to  grow  as 
vigoroufly  as  if  they  contained  all  their  pith. 

The  clafllcal  writers  on  this  fubjeft  are;  Mal- 
pighi, Grew7,  in  the  Anatomy  of  PJants:  Bon- 
net, 

* The  neccffity  and  efficacy  of  thefe  fpiral  veffels,  is  fuffi- 
ciently  and  ingenioufly  demonftrated  by  IIedwig,  in  a diffiertation 
on  the  Origin  of  the  Male  Parts  of  Fructification  of  Plants;  and 
likewife,  in  another,  in  which  he  has  anfw«red  the'  qucftion ; 
What  is  properly  the  R.oot  of  Plants  ? 
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net,  Recbercbes  fur  VUfage  ties  Feuilles  dans 
les  Plants  : Baisse  de  Vajis  Plantarum . In 

which  Jampert’s  opinion,  againft  the  probabi- 
lity of  the  exigence  of  veffels  in  plants,  is  re- 
futed. 

Indeed,  natural  appearances,  and  the  refults 
of  many  microfcopical  examinations,  feem  to 
prove  fufficiently,  that  plants  have  veflels. 

The  Utricles  feem  to  be  intended  for  con- 
taining the  juice  or  fap,  and  probably  likewife 
for  aflifting  in  the  preparation  of  it.  The  forma- 
tion of  the  vegetable  juice  is  too  fubtile  an  ope- 
ration to  be  demonftrated  or  imitated  by  che- 
miftry.  For,  notwithstanding  the  many  opinions 
which  have  been  fuggeited  refpe&ing  the  inte- 
rior oeconcyny  of  plants,  we  are  Hill  much  in 
the  dark  with  regard  to  it ; we  know  little  of 
the  more  minute  combinations  and  ftrudture 
of  organized  bodies,  but  Hill  lefs  do  we  know 
of  their  internal  operations. 


We 
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We  may  fuppofe,  that  plants  like  animals 
have, 

j ft.  Common  juices,  which  are  diffufed 
through  all  parts  of  their  body. 

2 d,  Particular  juices,  which  are  found  only 
in  certain  parts,  and  are  probably  fecreted  from 
the  firft.  They  are  contained  therefore  in  par- 
ticular  fecretory  veffels.  One  part  of  the  juice 
thickens,  from  time  to  time  adheres  to  the  folid 
fibre  (fcifer ) of  the  cellular  web,  increafes 
thereby  the  mafs,  and  thus  promotes  growth. 
In  this  manner  the  origin  and  formation  of 
new  ligneous  fibres  may  be  explained. 

In  order  to  underhand  how  the  nutritious 
liquid  received  by  plants,  and  the  juices  fecreted 
by  them,  can  appear  in  fuch  different  forms  or 
flates ; as  a folid  body  in  the  woody  plants ; as 
a compact  inflammable  matter;  and  how  the 
aqueous  liquid  is  changed  into  vegetable  juices; 
recourfe  mult  be  had  to  the  firft  part  of  this 
treatife. 
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W e know,  that  bodies  may  aflume  various 
hates ; they  may  pafs  from  a folid  to  a liquid, 
and  horn  a liquid  to  an  elaftic  fluid  Rate,  folely 
by  means  of  heat. 

The  nutritious  water  in  plants  may  change 
its  liquid  ftate  to  an  elaftic  fluid,  in  two  ways ; 

a.  By  the  accumulation  of  heat;  or, 

b . By  decompofition. 

By  decompofltion,  the  two  conftituent  parts, 
the  oxygen  and  hydrogen,  are  feparated  from 
each  other.  The  hydrogen  enters  into  a new 
Combination  with  the  vegetable  matter ; the 
oxygen  is  fet  at  liberty,  and  efcapes  in  the  ftate 
of  oxygen  gas  by  means  of  light.  Light  ads, 
partly  as  a ftimulus  upon  the  leaves  and  upon 
the  green  coats  of  the  tender  Items,  partly  as 
a matter  having  a ftrong  attraction  for  the  ox- 
ygen, and  thereby  effeduates  the  formation, 

and  fubfequent  efcape  of  the  oxygen  gas. 

All  elaftic  fluids  are  condenftble  ; the  hydro- 
gen appears  to  exift  combined  in  plants  in  a 
ftate  of  condenfation.  Hydrogen,  or  hydrogen 

gas, 
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gas,  is,  as  we  know,  inflammable  ; and  by  its 
combination  with  oxygen  gas  flame  and  fenfi- 
ble  heat  are  produced ; the  latent  heat  of  thefe 
fluids  being  difengaged  in  confequence  of  the 

greater  attra<5lion  of  the  oxygen  for  hydrogen. 

* ^ 

Newton’s  fuppofition,  that  water  is  a body, 
intermediate  between  an  inflammable  and  non- 
inflammable  fubftance;  that  water  is  neceflary 

# v* 

for  vegetation  ; and  that  plants  receive  their 
inflammable  matter  from  it,  is  now  verified  by 
experiments  and  fadts.  By  the  difcovery  of 
the  compofition  and  decompofition  of  water, 
much  light  has  been  thrown  upon  the  nature 
of  plants.  Another  portion  of  their  inflam- 
mable matter,  plants  may  obtain  from  the  at- 
mofphere,  by  the  abforption  of  air  and  elfiuvia 
therein  contained. 

The  matter  with  which  the  hydrogen,  when 
feparated  by  the  decompofition  qf  water,  is 
combined  again  in  plants,  feems  to  be  car- 
bon. A great  quantity  of  carbonic  acid  gas 
is  conflantly  produced  by  the  refpiration  of  ani- 

tnalss 
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mals,  by  fermentation,  by  various  decompoft- 
tions,  and  by  the  combuftion  of  vegetable  fubr 
fiances. 

There  are  even  plants  which  emit  carbonic 
acid  gas,  viz.  falix  viminalis , pin  us  cedrus , quer- 
cus  robur^  betula  alba.  We  know,  as  obferved 
before,  that  this  gas  is  fpecifically  heavier  than 
atmofpheric  air,  in  confequence  of  which  it 
finks  towards  the  furface  of  the  earth,  which 
it  gradually  enters;  it  is  then  conveyed  to  the 
roots  of  plants,  and  thus  becomes  beneficial 
to  them.  It  appears,  that  plants  receive  and 
have  the  power  of  decompofing  carbonic  acid 
gas  in  like  manner,  as  they  receive  and  decoiq- 
pofe  water. 

The  following  limple  experiment  will  fuffice 
to  fupport  this  opinion. 

Plants  yield  oxygenous  gas  when  expofed  in 
the  fun  : If  two  branches  of  a plant  are  immer- 
fed,  the  one  in  common  water,  and  the  other  in 
water  impregnated  with  fixable  air  or  carbonic 

acid;  we  then  find,  that  the  branch  immerfed 

in 
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in  the  latter  liquid,  yields,  under  the  fame  cir- 
cumftances,  a greater  quantity  of  oxygenous 
gas  than  the  other.  The  difference  in  fome  ex- 
periments has  been  found  in  the  proportion  of 
264  to  i.  The  proportions  vary  however,  when 
different  plants  are  fubje&ed  to  trial,  fo  much, 
that  no  general  law  can  be  eftablifhed.  The  car- 
bonic acid,  with  which  the  wrater  is  impregnated, 
is  decompofed  then  by  the  branch,  the  carbon 
enters  feemingly  into  the  conflitution  of  the 

l * 

plant,  while  the  oxygen  is  fet  at  liberty,  and 
flies  off,  more  or  lefs  of  it,  in  the  flate  of  gas. 

Plants  do  not,  however,  retain  all  the 
carbonaceous  matter  which  they  receive  ; 
they  obtain  more  in  the  courfe  of  the  day 
when  acted  upon  by  light,  than  they  naturally 
require.  By  the  abfence  of  light,  plants  lofe 
part  of  this  carbon,  as  during  the  night;  hence, 
the  caufe,  that  plants  yield  refpirable  gas  only 
in  the  day-time,  particularly  when  the  fun 
beams  fall  immediately  upon  them ; and  that 

plants 
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plants  do  not  yield  pure  air  in  the  night,  but  fre- 
quently at  that  time  give  out  bad  air. 

That  water,  or  its  component  parts,  afford 
the  principal  aliment  for  plants,  not  only  ap- 
pears from  their  quick  growth  after  an  electri- 
cal rain,  but  alfo,  by  the  quick  formation  and 
growth  of  many  fungi,  viz.  clavaria  fajligiata , 
agaricus  campejlris , &c.  The  opinion,  that 
thefe  fungi  were  formed  by  fermentation  and 
cryftalifation  from  the  mucilage  of  other  vege- 
tables, is  fufficiently  refuted  by  the  ingenious 
Mr.  Wildeno.  Later  difcoveries-  in  chemiftry, 

have  enabled  us  now  to  underftand  the  various 

\ 

combinations  and  decompofitions  which  may 
take  place  of  fubftances  which  enter  plants  * that 
the  more  fimple  fubftances  not  only  may  affume 
different  forms,  but  that  they  may  change  like- 
wife  their  properties  when  combined  with  each 
other  in  various  proportions,  has  been  explained 
in  the  former  part  of  this  treatife. 
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Of  the  Successive  Induration  of  Certain 
Organs  of  Plants,  or  their  Change  into 
Wood,  and  of  the  Difference  among 
Plants. 

FROM  the  phyfiology  of  animals,  ive  know, 
that ; 

i fi,  The  living  body  in  its  infancy,  confifts  of 
more  fucculent  parts  than  in  older  age,  and 
that  the  folid  parts  increafe  with  every  year  in 
the  courfe  of  life,  to  a certain  period,  wheri 
they  attain  their  perfed  date. 

'idly,  That,  by  the  conftant  exertion,  many  or- 
gans are  weakened  or  become  lefs  a&ive;  many 
parts  are  condenfed  by  preffure,  as  well  as  by  at- 
tradion  of  cohefion.  Some  of  thefmall  veflels  lofe 
thereby  the  capacity  of  tranfmitting  the  juices, 
others  are  deprived  of  their  extenfibility ; this  oc- 
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cafions  the  caviries  to  be  filled  up,  the  rarer  parts 
are  changed  into  folid  web,  and  by  this  again 
many  vefiels  are  clofed.  The  irritability  is 
diminifhed  by  age,  fome  parts  are  entirely  de- 
prived of  it,  and  they  remain  uncorrupted  or 
alive,  only  in  as  far  as  they  are  ftill  connected 
with  other  found  and  active  parts. 

Thefe  obfervations  applied  to  plants,  make  it 
likewife  comprehenfible,  how  their  organs  or 
parts  may  be  changed  into  folid  and  woody  fi- 
bres ( fafern  ). 

The  refult  of  all  thefe  changes  is  the  death  of 
the  parts.  The  quantity  of  juice  diminifhes, 
as  parts  become  more  compadt  and  folid ; the 
abforbent  vefTels  gradually  fufFer;  and  becoming 
unfit  for  their  fundtions,  the  nourifhment  is 
thereby  diminifhed. 
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Observations  on  the  Important  Question, 
What  Causes  the  Great  Variety  of  the 
Internal  and  Extenal  Construction  of 
Plants  ? 

i ft,  The  fil'd  caufe  lies  in  the  organization. 
The  main  body  or  general  mafs,  we  obferve, 
has  a different  ftruclure  in  different  plants.  Not 
only  the  conftruction  of  the  folid  fibre  of  the 
Unorganized  part  ( contextus  cellulofus J,  varies 
\vith  refpect  to  denfity,  &•  c. ; but  alfo  the  form  of 
the  organs,  of  the  juice  veficles,  8tc.  the  ftru&ure 
of  which,  and  thinnefs  of  their  coat,  enables  them 
to  fecrete  more  or  lefs  of  the  elementary  confti- 
tuent  parts  of  their  nutritious  juice  in  a variety 
of  ways  : So  that  we  may  almoff  confider  them 
as  inftruments  for  chemical  operations.  We  find 
that  fome  are  more  fit  for  the  fufception,  rare- 
radlion,  and  preparation  of  food,  than  others. 
1 here  is  no  doubt,  but  that  the  diffolution,  fe- 

N cretion, 
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cretion,  affimilation,  &c.  of  the  principal  con- 
llituent  parts  of  the  nutritious  juice,  prefuppofes 
a varioufly  modified,  but  determinate  ftrudture 
of  the  different  organs. 

id,  Another  caufe  of  the  variety,  lies  in  the 
altered  ftate  of  the  received  food,  and  in  the  dif- 
ferent proportion  of  mixture. 

Water  and  atmofpheric  air  are  the  fubftan- 
ces  which  afford  plants  what  they  principally 
require  for  vegetation.  Though  fitnple  thefe 
fubftances  appear  to  be,  yet  we  knowq  by  the 
aid  of  chemiftry,  that  they  are  not  only  compo- 
fed  of  the  molt  efficacious  elementary  fubftan- 
ces,  but  alfo  that  they  contain  a variety  of  he- 
terogeneous matters. 

Oxygen,  hydrogen,  and  carbon,  feem  to  con- 
stitute the  main  aliment  of  plants ; a great  por- 
tion of  the  tv/o  laft  is  taken  up  by  the  veffels, 
and  combined  in  them  with  the  vegetable  mat- 
ter. Earth  appears  not  to  be  a neceffary  com- 
ponent part  of  all  plants ; for  by  the  analyfis 
of  many  vegetables,  fuch  as  the  byffus,  peziza, 

and 
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and  feveral  other  cryptogamic  plants,  parti- 
cularly of  the  genus  of  fungi,  we  find  no  earth 
in  their  mixture;  and  though  there  are  plants 
which  contain  more  or  lefs  earthy  parts,  par- 
ticularly calcareous  earth,  yet  this  does  not 
prove  that  earthy  parts  are  necefiarily  compo- 
nent parts  of  plants. 

A great  number  of  experiments,  both  of  ear- 
lier and  later  periods,  have  fhown  that  plants  do 
not  immediately  obtain  the  requifite  earthy  par- 
ticles from  the  foil  in  which  they  grow,  but  that 
they  receive  fuch  from  water  and  the  atmofphere. 

Hales,  Bonnet,  and  others,  have  afcertained 
thefe  finds  diredly  by  the  increafe  of  weight ; 
and  how  would  it  otherwife  be  poffible,  that  an 
oak  could  vegetate  ten  years  in  water,  and  its 
mafs  continually  increafe.  Nature  prefents  fimi-* 
lar  inftances,  and  fiiows  by  parafitic  and  pfeudo- 
parafitic  plants,  that  the  earth  or  foil  upon  which 
they  grow,  does  not  afford  them  pabulum,  but 
that  they  receive  their  earthy  particles  by  other 
channels* 
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We  frequently  find  plants  (which  Mr.  Ufiar 
calls  Pfeudo-Parafitic  plants), upon  fteril  and  na- 
ked rocks,  upon  walls,  &»c.  viz.  rubus  idaux , vac- 
cinium  vitis  id&a,  rubus  fruticofus , which  by 
accident  are  often  found  upon  the  Hems  of  old 
decayed  trees,  and  continue  there  their  growth. 

Mr  Ufiar  found  that  plants  would  grow  in  mere 
pounded  quartz;  not  only  herbaceous  plants,  as 
lepidium  fativum , or  refeda  odorata  ; but  alfo 
fbrubs,  the  heliotropium,  e.  g.  grew  particularly 
well.  The  infoluble  particles  of  quartz  could 
ferve  here  as  only  a fixed  place  for  thofe  plants, 
and  as  a refervoir  of  the  water. 

The  fuppofition,  that  plants  in  fuch  cafes 
were  nourifhed  by  the  heterogeneous,  earthy, 
and  faline  particles  contained  in  the  water,  and 
not  by  the  water  itfelf,  is  fufficiently  refuted 
by  Mr.  Hoffman ; who  by  very  ingenious  ex- 
periments found,  that  plants  grew  in  diftilled 
water  and  air  ; (which  are  defcribed  in  Green’s 
journal.) 

This  eminent  Botanift  accidentally  obferved, 

i ' * * ’ 1 * * • ■*  ' 

that 
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that  a plant,  mentha  crifpa,  growing  in  a glafs 
with  water,  hadfhot  out  roots;  this  immediate- 
ly engaged  his  attention,  and  led  him  to  the  fol- 
lowing experiment,  he  put  the  fame  branch  in 
diftilled  water,  and  found  that  the  plant  did 
not  only  continue  alive  throughout  the  winter ; 
but  alfo,  that  in  fpring  it  began  to  pulh  forth 
buds,  which  produced  branches,  flowers,  and 
feeds. 

In  order  to  examine  the  juftnefs  of  Mr.  Von 
Bennie’s,  and  Spallanzani’s  affertions ; that  not 
only  water  and  fixed  air.  but  alfo  feveral  earths, 
particularly  lime,  marie,  clay,  promote  the  growth 

of  plants ; and  that  indeed  water  did  not  fo 

* N 

much  itfelf  affift  vegetatioh,  as  the  oily  and  faline 
parts  contained  in  it;  Mr.  Hoffman  employed, 
in  the  following  experiments,  water  which  had 
been  previoully  freed  from  all  heterogeneous 
parts  by  diftillation. 

Having  cut  off  a fmall  branch  of  mint, 
weighing  one  dram  and  fifty  grains,  he 
placed  it  in  a phial  containing  8 ounces  of  dif- 
tilled 
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tilled  water,  and  fecured  the  mouth  of  the  phial 
with  a waxy  cement,  fitted  clofe  alfo  round 
the  (talk,  fo  that  no  water  could  efcape  at  this 
place,  nor  any  heterogeneous  matter  get  into 
the  phial.  The  phial  with  the  plant  was  placed 
in  a large  room,  and  after  iodays,  he  perceived 
already  fmall  roots  (hooting  out  from  the  lower 
joint  of  the  branch  which  was  immerfed  in  the 
water ; thefe  increafed  in  number  more  and 
more;  after  14  days  he  cut  over  the  branch 
above  the  fecond  joint  which  was  without  the 
phial;  the  part  thus  feparated  weighed  1 dram 
15  grains.  Three  weeks  after,  new  buds  began 
to  fhoot  out  from  this  joint,  between  the  two 
leaves  and  the  flalk,  and  thefe  grew  out  into 
branches  fimilar  in  fize,  form,  and  odour,  to 
thofe  commonly  produced  on  this  plant. 

After  fix  weeks,  all  the  eight  ounces  of  water 
were  confurned,  and  the  plant  had  altogether 
increafed  in  weight  eight  fcruples,  or  two  drams 

L % . 

and  forty  grains. 

The  phial  was  again  filled  with  difliHed  rain 

water* 
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water,  and  the  fame  experiment  repeated.  The 
evaporation  of  the  water  in  thefe  experiments 
could  only  proceed  through  the  plants ; the  con- 

i 

fumption  of  the  water  varied,  according  to  the 
temperature  and  the  intenlity  of  the  light  to 
which  the  plant  was  expofed,  and  likewife,  accor- 
ding to  the  different  Hate  of  vegetation ; for,  in  the 
. firfl  days,  before  the  buds  were  apparent.,  the  quan- 
tity confumed  was  only  10  grains  in  the  fhade; 
but,  as  the  growth  advanced,  the  quantity  of 
water  confumed  alfo  increafed  from  io  grains  to 
feveral  fcruples  in  the  fun,  often  to  two  drams. 
At  the  approach  of  autumn,  the  perfpiration 
diminifhed  and  gradually  became  imperceptible ; 
at  the  fame  time,  the  leaves  of  the  plants  be- 
came relaxed  and  loft  their  colour.  The  water 
then  is  confumed  only  during  the  growth  of  the 
plant;  it  therefore  feems  probable,  that  the 
water  in  this  procefs  has  undergone  a decompo- 
fition  to  promote  the  growth. 

The  weight  of  both  branches  which  had 
been  produced  in  the  latter  part  of  the  experi- 


ment, 
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ment,  amounted  to  two  drams ; and  nothing 
but  water  and  air  could  in  this  cafe  afford  pa- 
bulum to  the  plant,  or  the  matter  of  which  its 
parts  were  formed.  Hence,  therefore,  the  de- 
compofition  of  water  by  vegetation,  and  the 
combination  of  its  conftituent  parts  with  vege- 
table fubftances,  may  be  fairly  deduced. 

The  caufe  why  all  plants  will  not  grow  upon 
the  fame  ground,  depends  probably  on  the  ca- 
pacity of  the  foil  to  receive  the  food,  and  to  re- 
tain it  for  the  proper  time. 

Succulent  plants  require  generally  a moift 
foil  5 fuch,  e.  g.  as  (hall  ccmftft  chiefly  of  gar- 
den mould,  or  the  earth  of  decayed  vegetables : 
For  this  not  only  imbibes  the  water  eafily,  but 

like  wife  retains  it  very  long.  Such  foil  is,  how- 

> 

ever,  often  adverfe  to  the  growth  of  other 
plants. 

That  plants  receive  their  food  from  water, 
has  been  alfo  lately  confirmed  by  Von  Ma- 
rum  ; who  alfo  repeated  the  obfervation,  that, 
plants  extend  their  roots  towards  moifture. 

Trees 
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Trees  growing  near  the  banks  of  rivers,  ex- 
tend their  roots,  particularly  towards  the  wa- 
ter; and  if  a modi  fpunge  is  laid  near  a fide 
root,  we  obferve,  that  the  root  is  attracted,  as 
it  were,  by  the  moift  fpunge,  as  iron  by  a mag- 
net. 

1 * 

Leaves  appear  to  be  the  moft  necefiary  infiru- 

V . • » 

ments  for  fupporting  Vegetation.  They  anfwer 
not  only  the  purpofe  of  receiving  food,  but  like' 
wife  the  purpofe  of  lungs,  for  refpiring  arid  per- 
fpiring  air  or  other  elaftic  fluids. 

Plants  which  have  a confiderable  foliage,  per- 
fpire  more  than  thofe  with  few  leaves. 

If  we  take  two  branches,  and  deprive  the  one 
of  its  leaves,  we  then  find* 

\Jl,  That  that  branch  which  is  deftitute  of 
leaves,  does  not  take  up  fo  much  water  as  the 
other  which  has  its  foliage  entire. 

idly.  That  the  firft  becomes  neverthelefs  hea- 
vier than  the  latter,  by  reafon  that  the  water 
which  it  abforbs  is  not  decompofed  by  it,  but 
remains  for  the  greateft  part  within  it  in  an  un- 

P altered, 


2o6  observations 

altered  (late  : while,  on  the  contrary,  the  other, 
though  it  retain  mod  of  the  hydrogen,  retain* 
only  a fmall  part  of  oxygen,  emitt  ing  the  great- 
ell  part  of  the  latter  in  the  date  of  gas,  by  the 
efiedl  of  light.  Trees,  therefore,  with  much 
foliage,  feetn  to  require  a more  humid  foil  than 
thofe  with  lefs  foliage.  This  is  generally  indeed 
obferved  to  be  the  cafe:  but  there  may  be  now 
and  then  exceptions,  for  fome  plants  perfpire  lefs 
than  others.  The  difference  feems  to  proceed, 
partly  from  their  internal  druclure,  according 
to  Mr.  Uttar;  beeaufe  the  trees  of  hot  climates, 
which  have  much  foliage,  do  not  perfpire  as 
much  as  thofe  of  more  temperate  climates. 

A lemon  tree,  for  indance,  perfpires  in  pro- 
portion lefs  than  acer  pfeudo-platanus  or  fyca- 
more. 

The  external  form  of  the  leaves  is  alfo  diffe- 
rent and  may  have  efFetffc  on  the  perfpiration.  The 
leaves  of  the  lemon  tree  are  entire  and  fmooth  : 
whereas,  thofe  of  the  lycamore  are  angular,  and 

their 


ON  PLANTS.  I07 

their  under  furfaces  are  covered  with  fine  hairs, 
which  are  probably  intended  for  perfpiration. 

As  the  external  form  of  parts  aflifls  perlpira- 
tion  ; in  the  fame  mariner,  it  appears  that  the 
form  has  influence  upon  the  reception  of  food 
from  the  air  ; and  Mr.  Uflar  believes,  that  the  fi- 

t 

tuation  of  the  leaves,  the  direction,  circumference, 
margin,  furface,  promote  the  one  or  the  other 
more  or  lefs : Folia  /errata,  incifa  dent  at  a , acu- 
te crenata , &c.  all  thefe  are  not  only  better  con- 
ductors, but  alfo  more  capable  of  perfpiration, 
than  fuch  as  have  a fmooth  or  even  margin. 

Bodies  armed  with,  or  ending  in  fharp  points, 

* 

not  only  attract  electricity  better,  but  when 
impregnated  with  eleCtric  matter,  they  allow 
it  to  ftream  out  of  them  with  greater  velocity 
than  fmooth  or  blunt  bodies  do;  and  as  plants 
receive,  not  only  elaftic  fluids  from  the  atmo- 
fphere,  but  alfo  eleCtric  matter;  it  may  be  con- 
cluded from  analogy,  that  their  form  will  have 
likewife  confiderable  influence  on  this  occafion. 

The  great  difference  among  leaves,  their  dif- 
ferent 
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ferent  origin,  and  ufe,  See.  is  well  demonftra- 
ted  by  Profeffor  Batfch  in  his  book,  entitled,  An- 
leitung  zur  ^entnifs  der  Pflanzen,  §.  87,  to  102. 

It  appears  from  what  has  been  obferved,  that 
the  aliment  which  the  roots  take  up  from  the 
furrounding  earth,  fcarcely  differs  as  to  quality- 
in  different  plants ; and,  that  the  alteration  of 
it  takes  place  only  by  peculiar  co-operations  and 
modifications  within  the  particular  plant : this  is 

1 • **  * t 

obvious  in  grafted  fruit  trees,  and  indeed  in  0- 
thers;  quercus  i/ex,  for  inftance,  grafted  or  in- 
noculated  Upon  quercus  robur , retains  its  leaves 
through  the  winter  in  a found  flate  like  its 
mother  plant. 

That  there  is  great  variety  of  organization  in 
plants,  and  that  through  various  operations  thence 
refulting,  the  various  preparations  are  effected  and 
produced,  is  very  obvious ; but  of  the  manner,  in 
which  thefe  are  precifely  formed  and  conduced, 
we  have  at  prefent  but  an  imperfect  idea,  yet 
fomething  more  fatisfadlory,  it  may  be  hoped, 
fhall  accrue  from  the  indefatigable  labour of che- 

mills, 

i ■ , 
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mifts,  who  have  already  demonftrated,  that  the 
minute  particles  of  two  heterogeneous  bodies, 
when  intimately  combined,  polTefs  a power  to 
produce  a mutual  change  upon  one  another} 
and  have  alfo  found,  that  by  the  combination 
of  different  bodies,  new  bodies  are  produced, 
which  are  in  all  refpedls  the  fame  with  thofe 
produced  by  nature. 

Whether  the  external  form  of  plants  likewife 
originates  from  their  internal  condition  and 
compofition,  like  what  we  obferve  in  unorgani- 
zed bodies,  as  falts,  &c. ; is  a fubjeft,  in  our 
prefent  ftate  of  knowledge,  too  early  for  difcuf- 

V 

lion. 

Organized  bodies  poffefs  another  power,  al- 
ready mentioned ; which  caufes  their  determi- 
ned figure ; Nifus  Formativus  of  Dr.  Elumen- 
bach. 

Mr.  Uflar  is  of  opinion,  that  the  pollen  of 
the  flowers  contains  a very  fubtile,  elaftic,  high- 
ly a&ive  matter,  which  gives  the  proper  direc- 


I IO 


OBSERVATIONS 


tion  to  the  Nifus  Formativus,  under  altered  cir- 
cumftances ; this  he  concludes  from  the  follow- 
ing obfervations. 

i/?,  Becaufe  hybrid  plants  deviate  always  ia 
their  form  from  that  of  the  female,  and  aflume 
more  nearly  that  of  the  male  ; 

'idly,  As  a proof  of  the  elafticity  of  this  matter, 
it  may  be  obferved,  that  the  pollen,  which  is 
depofited,  and  w'hich  adheres  to  the  vifcous 
humour  of  the  ftigma,  cannot  enter  that  organ, 
on  account  of  the  minutenefs  of  the  pores,  or 
mouths  of  veflels  terminating  on  its  furface. 
The  impregnation  mud  therefore  proceed  indi, 
redly,  or  mediately,  by  means  of  an  elaftic 
fluid,  w?hich,  being  difengaged  from  the  pollen, 
is  attracted  by  the  liquid  of  the  ftigma ; and,  in 

combination  with  this  liquid,  penetrates  the 

• 

ftigma,  and  pafles  to  the  germen  ; perhaps, 
there  it  ads  as  a ftimulus,  excites  irritability, 
and  thus  produces  alterations  in  the  feed. 

Irritability  appears  to  be  the  principal  effed  ; 
for,  immediately  after  the  depofition  of  the  pol- 
len, 
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len,  the  embryo  in  the  germen  {hows  vitality 
or  motion ; the  feed  veflels  open  themfelves, 
fwell,  and  become  filled  with  juices,  which  are 
gradually  perfedionated  in  the  germen. 

There  is  fcarcely  any  doubt,  that  the  accefs 
of  air  by  this  means,  as  well  as  in. general  by 
the  combination  of  the  food  with  the  folid  parrs, 
has  here  a conliderable  effect.  Hales  fuppofes 
that  it  is  probable,  that  the  air  contributes 
much  to  the  concretion  of  the  particles  of  bodies  ; 
and  the  fuppofition  feems  to  be  fupported  by 
the  obfervations  of  Mr.  Achard,  that  the  for- 
mation, cryftallifation,  or  confolidation  of  faline 
matters,  is  accelerated,  and  really  occafioned 
by  the  combination  of  gaffes,  fuch  as  fixed  airs 
&c. 

The  pollen  difeovers  its  elaftic  and  inflam- 
mable nature,  alfo  when  blown  into  the  flame 
of  a candle ; in  which  cafe,  not  only  the  par- 
ticles which  come  into  immediate  contad  with 
the  flame,  but  all  the  reft  are  immediately 
kindled. 


One 
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One  of  the  moft  important  fubje&s  which 
can  engage  the  attention  of  philofophical  bota- 
nies, is  the  irritability  of  organized  bodies. 
This  was  demonftrated  with  refped  to  animals, 
by  the  immortal  Haller,  and  it  is  now  more 
and  more  difcovered  to  relide  in  plants. 

Haller  diftinguifhes, 

• 1 

ljl , Nervous  power  ( fenjibilitas ),  from 
idly,  Mufcular  power  ( irritabilitas J. 

Befides  thefe,  we  obferve  another  in  living 
bodies ; that  is, 

%dly , Elafticity  ( elajlicitas 
Very  often  are  thefe  three  powers  confound- 
ed, though  they  differ  effentially  from  one  ano- 
ther. 

Elafticity  is  common  to  all  parts,  but  in  dif- 
ferent degrees.  This  power  was  Well  known 
to  Bellini,  De  Gorter,  Stahl,  &c.  The  latter 
called  it  the  tone  of  the  fibre;  and  derived  from 
it  the  irritability;  which  opinion  is,  however, 
now  found  to  be  erroneous ; as  elaflicity  is  a 
power  different  from  all  the  reft. 


That 
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That  it  differs  from  irritability,  is  fufficient- 
]y  demon fl rated  by  Haller,  Oeder,  De  Haen, 
Whytt,  Zimmerniann,  Fontana,  &c.  vide  Hal- 
ler on  Mufeular  Fibre,  &c.  ; of  which  Mr. 

Uflar,  the  principal  author  of  thefe  fragments, 

* 

has  inferted,  in  the  German  original,  a fhort 
extract. 

The  power  of  contraction  of  certain  parts,  ex- 
hibited after  applied  ftimulus,  is  alfo  evidently 
obferved  in  plants,  and  is  therefore  not  merely 
peculiar  to  animals. 

Whatever  deftroys  the  irritability  in  animals* 
does  the  fame  in  plants ; as,  for  instance,  vio- 
lent eledtrical  ftrokes.  Whatever  excites  irrita- 
bility in  animals,  excites  it  alfo  in  plants*  If 
the  contraction  obferved  in  dionaea  rnufcipula , 
mimofa  fenjitiva , averrhoa  carambola , onoclea 
fenjibilis,  &c.  be  not  conlidered  as  effeCts  of  ir- 
ritability, what  caufe  can  be  afligned  for  it  ? 

Other  inltances  have  been  given  before,  as, 
for  inftance,  in  the  vallifneria  ; and  there  is  an- 
other in  nigella  fativa  ; at  the  time  of  impregna- 

f*  tion 
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tion  of  this  plant,  the  antherae  and  piftillum  in- 
cline towards  each  other,  and  remain  in  the 

i 

fame  pofition  until  the  impregnation  be  com- 
pleted. Such  motion  cannot  be  called  volun- 
tary, as  plants  are  confidered  to  be  deftitute  of 
volition ; it  mull  therefore  be  of  another  kind, 
excited  by  an  internal  ftimulus.  It  cannot,  as 
far  as  we  know,  arife  from  the  influence  of 
nerves,  as  thefe  have  never  yet  been  difcovered 
in  plants.  The  principal  modern  authors 
who  have  written  on  this  fubject,  are  Ellis, 
Me  die  us,  Girtanner , Gmelin,  Hope , Percival, 
Cavallo , Summering , Wrijberg,  idc. 

All  fibres  do  not  poflefs  an  equal  degree  of  ir- 
ritability j and  hence,  all  the  parts  of  organized 
bodies  are  not  equally  irritable.  The  caufe  lies 
probably  in  the  greater  or  lefier  accefs  of  the 
principle  of  irritability,  and  in  the  various  ca- 
pacity of  bodies  for  receiving  it. 

Thofe  parts  appear  to  be  moft  irritable  which 
are  moft  frequently  moved. 


Mr. 
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Mr.  Ullar  has  alfo  convinced  himfelf  that 
plants  poffefs  different  degrees  of  irritability, 
without  reference  to  their  perceptible  motion  : 
For  inflance,  refeda  odorata  is  deftroyed  by 
an  ele&rical  ftroke,  which  applied  in  the  fame 
degree  to  another  plant,  lepidium  fativum , does 
not  hurt  it  in  any  degree. 

The  firfl  is  rendered  fickly  or  gangrenous  by 
water  mixed  with  fuper-oxygenated  muriatic 
acid,  while  the  latter,  when  fuch  water  is  appli- 
ed to  its  roots,  becomes  more  vigorous. 

In  the  fpring,  we  often  find  that  fome  plants, 
as  phafeolus  vulgaris , &c.  become  gangrenous 
by  the  night’s  frofl ; while  others,  as  pifum 

fativum , are  never  hurt  by  it ; many  other  ex- 

/ 

amples  of  this  kind  are  obferved  in  garden  and 
forefl  trees,  which  prove  the  exiftence  of  diffe- 
rent degrees  of  irritability  in  plants. 

We  have  farther  to  diftinguifh  : 

i/?,  Irritability,  as  the  caufe  of  many  pheno- 
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'idly.  The  principle  of  irritability. 

The  firft  is  underftood  to  be  the  capacity  of 
the  irritable  fibre  to  receive  the  principle,  and 
its  power  of  contraction. 

The  other  fignifies  the  principle  itfelf  which 
animates  the  fibre,  and  without  which  this  can- 
not exert  its  capacity  or  power  by  applied  fti- 
mulus.  From  both  thefe  differs, 

3 dly,  The  ftimulating  irritating  matter. 

There  is  probably  a very  powerful  penetra- 
ting principle  difufed  throughout  nature,  and 
which  affords  the  vital  principle  to  all  organized 
bodies. 

# 

Its  exiftence  was  acknowledged  at  all  times, 
as  far  as  we  know;  but  as  to  its  nature,  very 
different  opinions  have  prevailed.  Plato  and 
Hippocrates  already  fuggefted  their  opinion  on 
that  fubjeCl : The  latter  called  the  vital  princi- 
ple TO  iV0fy.\SV. 

From  the  different  degrees  of  irritability, 
which  the  fame  body  poffeffes  at  different  times, 
that  is3  in  the  two  conditions  or  dates  in  which 

the 
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the  irritable  fibre  may  exift  ; namely,  ijl9 
When  the  principle  of  irritability  is  accumula- 
ted in  it;  and,  idly , When  exhaufted  of  it;  it 
follows,  that  irritability  depends  on  fome  foreign 
matter  or  principle.  Vide  Rehfeld,  an  Vis  Ir- 
ritabilis  Fibrarum  Mufcul.  injita  ipjis  inkier  eat, 
an  aliunde  ad  eas  accedat. 

This  principle  appears  very  probably  to  be 
an  elallic  fluid ; and,  according  to  Girtanner, 
it  is  the  oxygen. 

Oxygen  is  conveyed  to  all  living  bodies  by 

the  atmofphere  and  by  their  food ; and  their 

► 

parts  varioufly  poffefs  more  or  lefs  capacity  for 
receiving  it. 

If  oxygen  is  the  principle  of  irritability ; it 
will  follow,  that  its  different  proportion  in  the 
irritable  fibre,  mult  occafion  different  altera- 
tions. 

If  the  irritable  fibre  contains  the  due  propor- 
tion of  it ; then  obtains, 

i ft,  The  healthy  ftate,  which  Girtanner  calls 
the  tone  of  the  fibre. 
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i-dly,  If  the  fibre  abound  too  much  with  this 
principle,  then  the  firft  preternatural  ftate  is 
caufed,  namely,  that  of  Accumulation. 

idly.  If  the  mufcular  fibre  is  deftitute  or  de- 
prived of  it,  then  follows  the  ftate  of  Exhaus- 
tion. 

It  has  been  before  obferved,  that  living  bo- 
dies receive  the  principle  of  irritability  by  their 
food  and  from  the  atmofphere.  In  order  to  pre- 
vent the  accumulation  of  it,  therefore,  it  is  re- 
quired, that  fome  matter  be  applied  to  them, 
which  fhall  deprive  the  irritable  parts  of  the 
fuperabundant  portion ; fuch  fubftances  or  mat- 
ter, are  called  Stimulantia,  or  {Emulating 
principles. 

Now,  ifthefe  are  applied  in  a due  proportion, 
correfponding  to  the  increafe  of  the  principle, 
fa  that  the  fibres  are  deprived  of  the  fuperabun- 
dant portion,  and  retain  only  that  portion  which 
is  neceflary  for  their  natural  ftate,  then  health 
is  maintained. 


/ 
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If  on  the  contrary,  the  ftimulus  applied,  is 
difproportionate,  then  two  cafes  are  poffible  ; 

a.  If  the  ftimulus  is  too  weak,  then  the  fi- 
bres retain  more  than  is  neceflary,  and 
accumulation  follows. — But, 

b.  If  the  ftimulus  is  too  great,  then  the  fi- 
bres lofe  the  principle  more  rapidly  than 
they  receive  it  from  without ; and  ex- 
hauftion  is  the  confequence. 

Exhauftion  may  then  be  ; 

] ft,  Temporary,  or 
idly , Irreparable. 

The  fil'd:  continues  until  the  fibre  has  recover- 
ed the  principle  of  irritability ; and  till  that  pe- 
riod, the  fibre  is  infenfible  to  every  ftimulus,  or 
no  ftimulus  can  produce  contraction  in  it. 

But  on  the  contrary,  the  exhauftion  becomes 
irrecoverable,  when  the  ftimulus  has  been  too 
great,  e.g.  in  the  cafe  of  a violent  electric  ftroke, 
or  application  of  ftrong  poifons,fothatthecapacity 
of  the  fibre  is  deftroyed,  or  the  body  is  deprived 
of  all  its  principle  of  irritability;  then,  gangrene 


or 
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or  decay  is  the  confequence ; the  parts  of  the 
fibre  become  fubjeCt  to  the  laws  of  chemical  de- 
compofition,  and  putrefaction  gradually  fol- 
lows. 

Both,  therefore,  accumulation,  and  diminu- 
tion or  exhauftion,  of  that  principle  are  difeafes ; 

s 

the  confequence  of  the  latter  we  have  juft  ob- 
ferved  ; that  of  the  firft  is  the  fame. 

By  the  accumulation,  the  fibres  become  too 
irritable  ; hence,  the  contractions  they  per- 
form are  more  violent  than  they  can  fuftain.  It 
is  pofiible,  that  the  confequence  fliallbe,  either 
that  the  fibre,  by  too  violent  aCtion,  fhall  lofe  its 
contradtile  power  as  far  as  this  depends  on  the  par- 
ticular ftructure ; or,  that  the  accefs  of  the  prin- 
ciple fhall  be  cut  offor  interrupted  by  the  loft  ca- 
pacity of  the  fibre  for  receiving  it.  In  either  cafe, 

/ 

a relaxation  follows  which  leaves  no  hopes  for 
recovery,  for  the  weaker  ftimulus  has  the  fame 
effeCt  upon  the  fibre  with  accumulated  irritabi- 
lity, as  the  ftronger  ftimulus,  e.  g.  eleCtrical 

percuflion 
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percuflion  or  poifon  has  upon  that  with  the  na- 
tural tone. 

The  effe<5t  of  a froft  in  the  fpring  is  thus  ex- 
plained ; the  greater  the  intenfity  of  cold,  the 
more  the  principle  of  irritability  is  accumulated 
in  the  irritable  fibre,  becaufe  the  general  ilimu- 
lus  heat  is  abfent,  and  becaufe,  both  for  this 
and  many  other  reafons,  more  oxygen  combines 
with  bodies  that  are  capable  of  receiving  it,  in 
a lower  than  in  a higher  temperature.  In  fuch. 
circumftances,  the  principle  accumulates  fo 
much  in  the  fibres,  that  a fmall  portion  of  fen- 
fible  heat  is  capable  of  inducing  an  irreparable 
exhauftion. 

Two  examples  which  prove  this  theory,  were 
experienced  almoft  throughout  Germany. 

l/l,  In  wdnter  1788-9,  great  deftru&ion  was 
occafioned  by  the  violent  cold  in  forefts  and 
fruit  gardens,  though  fcarce  any  burfting  of 
their  veffels,  from  expanfion  of  the  water  while 
freezing,  was  perceived  in  the  trees,  as  there 
were  nofudden  changes  of  temperature. 


In 
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In  the  fpring,  the  greateft  part  of  thefe  trees 
produced  flowers  and  leaves,  which  very  foon 
thereafter,  not  only  dried  up,  but  the  trees 
themfelves  adually  died.  The  fame  was  obfer- 
ved  in  thofe  trees  which  were  already  in  foliage, 
and  had  formed  their  fruits.  This  Was  the  con- 
fequence  of  too  great  irritability ; from  which  the 
fibres,  by  the  application  of  the  ufual  ftimulus 
were  greatly  affeded,  and  irreparably  exhauf- 
ted. 

2 d,  The  month  of  April  1792  had  already  the 
appearance  of  June;  in  May,  moft  plants  were 
in  bloom  and  in  full  foliage,  and  rich  crops 
were  expeded  : But  by  the  froft  which  happen- 
ed on  the  7th  and  8th  of  May,  all  thefe  flat- 
tering hopes  were  deftroyed. 

On  the  1 ith,  Mr.  Uflar  colleded  the  follow- 
ing obfervations : 

a.  The  trees  in  the  woods,  on  the  eaft  and 
fouth  fide,  having  been  moft  aded  upon  by  the 
fun  in  the  rifing  of  the  day,  had  fuffered  more 
by  the  froft,  than  thofe  fituated  towards  the 

weft 
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weft  and  north.  The  leaves  of  moft  trees  be- 
came gangrenous  and  decayed  on  the  tide  ex* 
pofed  to  the  fun. 

b.  All  kinds  of  trees  had  not  fuffered  equally. 
The  oak  and  beech  had  fuffered  moft.  Acer, 
fraxinus  exceljior , betula  alms , had  likewife  fuf- 
fered much  ; but  carpinus  betulus,  betqla  albay 
forbus  aucuparia , had  fuffered  much  lefs,  though 
they  all  flood  mixed  and  interfperfed  with  the 
former.  May  not  this  be  confidered  to  arife 
from  their  different  degrees  of  irritability  ? 

It  is  well  known  to  gardeners,  that  when 
night  frofts  prevail  in  the  fpring,  it  is  neceffary 
to  protedl  the  tender  and  moft  irritable  plants 
with  matts,  and  thus  defend  them,  not  only  a- 
gainft  the  cold,  but  alfo  againft  the  fudden  ef- 
fects of  the  fun,  and  heat  thereby  induced. 

The  covering  appears  to  prevent  the  accumu- 
lation of  the  principle  of  irritability  in  the  fibre 
during  the  night;  and  alfo  the  too  violent  effedts 
which  would  then  be  caufed,  by  the  ftimulus 
pf  light  and  heat. 

The 
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The  increafing  temperature,  as  the  day-light 
increafes,  aflords  already  a fufficient  ftimulus  for 
them  ; plants  are  thus  deprived  of  part  of  their 
irritability,  which  in  due  proportion,  gives  tone 
to  the  fibres,  and  by  this  they  become  gradual- 
ly capable  of  fuftaining  the  ftimulus  induced  up- 
on them  in  the  middle  of  the  day  without  in- 
jury. 

The  change  of  the  fibre  ftrom  the  accumula- 
ted ftate  to  the  moderate,  and  from  this  to  the 
exhaufted  ftate,  proceeds  very  quickly.  Such 
changes,  we  obferye  in  the  phenomenon  which 
fs  called  the  Sleep  of  plants.  But  the  irritable 
fibre  when  exhaufted,  recovers  its  irritability 
very  flowdy. 

According  to  Mr.  Uflar’s  opinion,  a plant, 
particularly  an  evergreen;  as  Ilex  aquifolimri , 
or  quercus  ilex,  whofe  inability  has  increafed 
during  the  winter  ; if  in  the  approaching  fpring, 
it  wrere  placed  and  well  preferved  in  an  ice- 
houfe,  would  become  fo  very  irritable,  that 
■when  afterwards  taken  out  and  fuddenly  expo- 
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fed  to  the  warm  atmofphere  of  the  fummer,  it 
would  be  fo  exhaufted  in  a ftiort  time,  that 

t 

the  capacity  of  its  fibres  would  be  entirely  de- 
firoyed. 

The  irritable  fibres  of  organized  bodies 
have  a connexion  or  fympathy  with  each  other 
( confenfus J,  from  which  follows  5 

ljl,  That  a ftimulus  applied  to  one  is  commu- 
nicated to  the  reft  : But  the  effect  of  the  ftimu- 
lus thus  applied  to  the  fibres,  is  in  general 
greater  upon  that  which  firft  receives  it,  and 
proportionally  Ids  upon  the  others  as  they  are 
more  remote. 

If  a branch  of  the  mimofa  pudica  be  touch- 
ed, it  fhrinks  and  collapfes ; the  ftimulus  which 
is  produced  by  the  touching,  produces  an  eflfeci: 
upon  the  whole  plant,  but  not  equally  upon  all 
its  parts. 

idly , If  the  ftimulus  applied  to  one  fibre  has  an 
influence  upon  the  reft;  it  follows,  that  if  the 
pne  is  injured  in  any  way,  it  mull  then  likewife 
, • afted 
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afFedi.  the  other ; that  is,  if  one  fibre  be  depru 
ved  of  its  principle  of  irritability,  then  the  fame 
change  will  take  place  in  the  other  connected 
fibres,  but  in  a lefs  degree. 

a.  Becaufe  the  ftimulus  applied  to  one 
fingle  fibre,  affe&s  the  whole  fyftem  of 

fibres,  and  every  ftimulus  occafions  a 

* 

lofs  of  a part  of  the  principle  of  irritabi- 
lity. 

b.  Becaufe  the  reft  of  the  fibres  afford  fup- 
ply  to  the  exhaufted  fibre,  by  parting 
with  fome  of  their  own  principle,  provid- 
ed this  fingle  exhaufted  fibre  has  not  loft; 
its  capacity  for  receiving  it. 

The  more  frequent  the  ftimulus  is  applied, 
the  more  the  fibre  is  deprived  of  its  princi- 
ple of  irritability,  the  lefs  irritable  it  becomes, 
the  lefs  is  the  eftedl  of  the  ftimulus,  and  the 
contra&ion  is  dirqinifhed  in  proportion  ; if  the 
fibre  is  quite  exhaufted,  then  the  efFedl  of  the 
ftimulus  ceafes  totally.  This  is  one  of  the 
snoft  interefting  fatfts  which  Qirtanner  has  d$- 

monftrated, 
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monllrated,  and  which  fhall  be  more  confidered 
in  treating  of  the  lleep  of  plants. 

The  degrees  of  contraCtibility  is  in  proportion  $ 
to, 

1 Jl.  The  degree  of  irritability  which  the  fibre 
polfeffes ; 

idly.  The  intenfity  of  the  ftimulus. 

As  there  exift  different  degrees  of  irritability 
and  ftimuli  of  different  power. 

Bodies  when  difpofed  to  come  in  contact  with 
the  irritable  fibres,  exert  different  effeCts  upon 
them,  according  to  the  degree  of  attraction  of 
the  oxygen  for  them. 

If  the  attraction  of  oxygen  is  greater  for  the 
foreign  body  than  for  the  fibre ; in  this  cafe 
the  body  takes  the  oxygen  from  the  fibre,  and 
the  fibre  lofes  thereby  its  irritability  ; all  bodies 
of  this  nature  are  called  Stimulating  Subftan- 
ces. 

But,  if  on  the  contrary,  the  oxygen  has  a 
greater  attraction  for  the  fibre  than  for  the  bo- 
dy which  is  brought  into  contact  wdth  the  fibre, 

then 
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then  the  body  lofes  its  oxygen,  which  the  irri- 
table  fibre  takes  up,  and  thence  its  irritability 
increafes. 

If  the  attraction  for  oxygen  is  equal  in  both, 
then  no  alteration  takes  place,  and  bodies  of 
this  kind  do  not  increafe  nor  diminifh  the  irrita- 
bility. 

To  the  Simulating  matters,  belong : heat, 
light,  eleCtric  matter,  fpirit  of  wine,  carbonic 
acid  gas,  and  all  gaffes  which  have  a flrong  at- 
traction for  oxygen,  viz.  hydrogen  gas,  &c. 

Leaves  immerfed  in  water  impregnated  with 
carbonic  acid,  foon  lofe  their  irritability  and 
fade.  All  bodies  which  contain  oxygen,  and 
which,  when  brought  into  contact  with  the  irri- 
table fibre,  lofe  their  oxygen  by  a fuperior  at- 
traction of  the  irritable  fibre  for  this  principle, 
increale  the  irritability  of  the  fibre;  viz.  fuper- 
oxygenated  muriatic  acid,  metallic  oxyds,  wa- 
ter, as  this  latter  is  decompofed  by  plants ; cold, 
in  fo  far  as  by  a diminution  of  fenfible  heat,  one 

principal  flimulus  is  leffened,  fo  that  the  fibre 

% * * 
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lefs  irritated,  retains  the  oxygen  from  the  de- 
compofed  water,  whence  the  irritability  of  the 
fibre  is  increafed.  A fimilar  effect  of  the  accu- 
mulation of  oxygen  by  cold,  is  obferved  in  the 
manufacturing  of  paper  ; for  paper  made  in  the 
winter  by  a flrong  cold,  is  much  whiter  than 
that  which  is  made  in  the  fummer.  • 

Heat  as  a ftimulus  excites  the  activity  of  the 
vsffels,  and  promotes  vegetation  in  general ; 

V 

the  living  power  is  confidered  as  an  alter- 
nate contraction  and  extenfion  of  the  fibres. 
Gicero  already  confidered  heat  as  the  vital  prin- 
ciple : “ Omne  vivum,  five  animal,  five  terrce 
“ editum,  vivit  propter  inclufum  in  eo  calo- 
“ rem.” 

As  to  the  effect  of  the  matter  of  heat,  we  know, 
that  if  it  is  applied  as  a ftimulus  to  plants,  pro- 
portionably  to  the  irritability  of  the  irritable  fi- 
bre, it  then  promotes  vegetation  : But  if  the 
heat  is  proportionably  greater  than  wThat  the  fi- 
bre can  fuftain,  in  fuch  cafe,  an  irreparable  ex- 
hauftion  and  death  will  follow. 
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Heat  always  caufes  a diminution  of  the  irrita- 
bility of  the  irritable  fibre,  and  this  is  neceffary 
to  prevent  accumulation.  Medicus  has  found, 
that  the  irritability  of  plants  is  greater  in  the 
morning,  lefs  in  the  middle  of  the  day,  and 
much  lefs  in  the  evening.  Mr.  Ullar  was  well 
convinced  of  thefe  fadts  by  his  obfervations  re- 
fpe&ing  the  deep  of  plants ; he  alfo  found,  that 
by  long  continued  rainy  weather  and  cool  air* 
the  irritability  of  thofe  plants,  whofe  irritability 
is  obfevvable  by  contractions,  was  considerably 
increafed.  The  proofs  of  the  effedts  of  a mode- 
rate heat  promoting  vegetation  are  numerous, 
and  very  obvious  in  hot-houfes,  &c. 

Many  ,animals  which  hide  themfelves  during 
the  winter,  and  remain  apparently  lifelefs  in 
their  cells,  difappear,  as  Mr.  Spallanzani  has 
obferved  on  the  lacerta  falamcindra,  at  a feafon 
when  the  temperature  of  the  atmofphere  is  much 
higher  than  in  the  fpring  when  they  again  make 
their  appearance.  The  caufe  of  this  phenomenon 
lies  in  the  date  of  irritability ; in  the  autumn,  the 

fibre 
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fibre  is  much  exhaufted  by  the  heat  and  light 
of  the  fummer;  but,  in  the  approaching  fpring, 
the  irritable  fibre  is  in  the  accumulated  ftate, 
by  the  greater  ab fence  of  thofe  principles  du- 
riag  the  winter;  in  which  cafe,  a lefs  de- 
gree of  heat  has  a greater  effeft,  than  a higher 
temperature  could  produce  in  the  autumn. 

This  explanation  may  with  much  propriety 
be  applied  to  fimilar  phenomena  obfervable  in 
vegetables,  and  many  other  phenomena  may 
be  explained  upon  the  fame  principles. 

Vigorous  is  the  growth  of  plants  in  the  fpring, 
quick  the  motion  of  their  juices,  and  from  month 
to  month  both  decreafe : By  the  approach  of 
the  autumn,  vegetation  is  fiopt,  and  in  the  fin- 
eft  days  of  the  autumn,  at  which  time  it  is  even 
warmer  than  in  the  fpring  when  plants  grow  fo 
vigoroufly,  the  vegetable  tribe  is  fo  abforpt  in 
lleep,  that  the  light  of  the  fun  is  then  not  capa-  • 
ble  to  awaken  them.  The  warmer  the  fummer 
had  been,  and  the  more  the  fun  had  fhone,  the 
fooner  the  leaves  of  trees  and  plants  change 

their 
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their  colour;  and  the  longer  they  retain  their 
green  colour,  if  the  furamer  has  been  cool  and 
the  Iky  much  covered  with  clouds. 

Plants  which  have  Hood  all  the  winter  through 
in  warm  rooms,  grow  but  flowly  in  the  fpring 
when  other  plants  grow  very  vigoroufly.  In 
order  to  preferve  the  plants  growing  in  rooms, 

9 

it  is  very  proper  to  expofe  them  occalionally 
to  a colder  atmofphere.  Mr.  Uflar  recom- 
mended this,  and  the  refults  of  experiments 
were  always  agreeable  to  his  theory  of  irritabi- 
lity ; it  however  muft  be  done  with  caution, 
and  the  plants  mull  not  be  too  long  expofed  to 
a cold  air,  nor  in  a very  cold  atmofphere,  elfe 
the  principle  of  irritability  accumulates  too 
much,  and  the  warmth  of  the  room  becomes 
then  too  great  a fiimulus,  and  injures  the  plants. 
This  is  not  the  only  remedy  for  procuring 
% new  Hrength  to  plants  that  grow  in  rooms, 
but  any  fubflance  which  fupplies  them  with 
oxygen  anfwers  the  purpofe  ; as,  for  inftance,> 
moiftening  the  earth  in  which  they  grow,  with 


water 


water  containing  a little  fuper-oxygenated  mu- 
riatic acid ; of  which  more  will  be  mentioned  in 
the  following  part. 

Refpe&ing  the  different  degrees  of  irritability 
in  different  plants,  Mr.  Uflar  had  made  many 
obfervations. 

Plants  from  warm  climates,  he  found  gene- 
rally more  a&ive  than  thofe  from  more  northern. 
Jafminum  azo?~icum  hill  produced  branches 
and  leaves,  when  plants  of  a colder  climate  had 

i 

long  ceafed  to  grow. 

It  appears  to  M.  Uflar,  that  the  plants  of 
northern  climates,  are  more  irritable  than  thofe 
of  the  warmer  climates ; and  although  organi- 
zed bodies,  by  change  of  climate,  change  in 
fome  refpedt  their  conflitution  in  the  following 
generation,  yet  we  find  that  they  retain  always 
fome  difference  refpeding  their  irritability. 

Moft  of  the  plants  which  have  been  tranfplan- 
ted  from  their  warmer  climates  into  our  northern, 
part,  for  inftance,  later  with  their  leaves,  and 
likewife  change  their  colour  later,  and  not  un- 

■ 

likewife 
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frequently  we  find  the  wood  of  a paler  co* 
lour. 

So,  for  inflance,  the  wood  of  trees  which 
grow  nearly  under  the  equator,  is  of  a 
deeper  colour,  viz.  fwietenia  mahagoni , caefal- 
pinia  brajilienfisy  hasmatoxylum  campechianumy 
afphalathus  ebenus , ifc.  This  is  n^t  merely  li- 
mited to  the  wood,  it  is  alfo  obfervable  in  the 
green  colour  of  the  leaves.  The  leaves  of  trees 
of  hot  climates  are  generally  of  a deep  green 
colour,  viz.  cafuarina  equifeti folia,  or  at  lead: 
they  are  of  a deeper  green  than  thofe  of  the 
plants  of  northern  climates. 

Moreover,  it  is  known,  that  the  colour  of  a- 
nimals  living  wuthin  the  tropics,  is  not  only 
deeper  and  more  fhining  than  of  thofe  which  live 
nearer  to  the  poles,  but  that  they  alfo  change 
their  colour  into  a paler  one  w7hen  they  are 
tranfported  from  thence  into  our  northern  coun- 
tries. 

The  caufe  of  the  paler  colour  appears  to  be 
the  prefence  of  oxygen,  a fuppofition  which  is 

verified 
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verified  by  the  obfervation,  that  all  vegetable 
fubflances  which  cannot  part  with  oxygen  are 
colourlefs. 

This  is  fhown  by  nature,  and  proved  by  ex- 
periments. If  plants  are  placed  in  the  dark, 
where  they  muft  retain  the  oxygen  which  they 
receive,  they  become  paler  and  more  irritable. 
Branches,  or  wood,  which  cannot  abfbrb  it  are 
white ; plants  which  do  not  emit  pure  air,  or 
only  a very  fmall  portion  of  it,  viz.  Fungi ; li. 
chen  parientinus , L.  paJlefcens , L.  latteus,  L. 
ericetorum , L.  miniatus ; melampyrum  nemo- 
rofum , Ifc.  are  almoft  colourlefs:  but  all  the 
parts  of  plants,  as  leaves  and  calyx,  and  all 
plants  which  yield  pure  air,  are  coloured. 

That  oxygen  is  the  principle  of  irritability, 
will  be  more  lully  proved  by  experiments. 
Plants  acquire  oxygen  from  their  aliments,  and 
from  the  air  : they  receive  it  by  decompofing  the 
water.  Plants  take  a certain  portion  of  it  combin- 
ed with  hydrogen  and  carbonaceous  matter  into 
their  conftitution  : they  part  with  fome  of  the 


received 
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received  oxygen  again  by  the  applied  ftimulus; 
and  it  appears  that  the  deeper  the  colour  is  of 
plants  or  their  parts,  the  lefs  oxygen  do  they 
take  up,  and  the  more  carbonaceous  matter  do 
they  contain. 

If  oxygen  be  the  principle  of  irritability,  it 
will  follow  : 

\Jl,  That  plants  of  a deep  colour  are  more  ir- 
ritable than  thofe  of  a lighter  colour:  and  from 
the  deeper  colour  of  plants  of  hot  climates,  we 
may  conclude  : 

'idly,  That  thefe  are  lefs  irritable  than  plants 
of  northern  climates. 

. That  fuch  difference  of  irritability  in  plants 
exifts,  appears  very  evidently  ; for,  if  the  plants 
of  hot  climates  were  not  lefs  irritable,  the  con- 
tinual uninterrupted  growth  of  plants  within 
the  tropics  would  be  impoftible  : they  would 
be  exnaufted  like  thofe  of  our  countries,  and 
they  could  not  fuflain  the  ftronger  ftimulus  of 
light  and  heat  : we  may  hence  perceive, 

why  barley  ripens  in  Lapland  in  60  days,  and 

why 
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why  it  requires  twice  that  time  in  France.  The 

t 

explanations  now  offered  of  the  different  above- 
mentioned  phenomena,  are  derived  from  the 
principles  of  the  new  theory  ; and  deferve 
highly  the  attention  of  philofophers. 

Mr.  Girtanner  draws  fome  general  conclu- 
lions  from  the  dodtrine  of  irritability,  fucli 
are  the  following : 

The  irritability  of  living  bodies  always  bears 
proportion  to  the  quantity  of  oxygen  which 
they  contain  ; hence  it  may  be  deduced, 

1 ft,  That  whatever  increafes  the  quantity  of 
oxygen  in  organized  bodies,  increafes  alfo  their 
irritability. 

'idly.  Whatever  diminifhes  the  quantity  of  oxy- 
gen in  living  bodies,  diminifhes  at  the  fame  time 
their  irritability. 

The  following  experiments  which  corroborate 
what  has  been  juft  mentioned,  were  made  in 
fupport  of  Mr.  Girtanner’s  principles  by  Mr. 

S Uflar,  • 
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Uttar,  and  they  are  confirmed  by  the  obferva- 
tions  of  Mr.  Von  Humbold  in  his  Flora  Fribur- 
genfis  Subterranea  ; Mr.  Uttar  took  different 
feeds  and  plants,  and  caufed  an  accumulation 
of  oxygen  in  fome,  while  no  fuch  accumulation 
took  place  in  the  rett  : he  found,  that  under 
certain  circumttances,  the  firft  germinated  foon- 
er  and  grew  quicker  than  the  latter.  In  order 
to  difpofe  plants  for  imbibing  more  oxygen,  it 
is  necefiary  to  apply  to  them  bodies,  which 
contain  the  oxygen  but  weakly  combined,  or 
from  which  it  is  eafily  feparable,  and  whofe  ba- 
ffs  has  lefs  attraction  to  oxygen  than  the  vege- 
table matter  has;  fuch  a body  is  the  fuper-oxy- 
genated  muriatic  acid. 

Mr.  Uttar  fowed  lepidium  fativu??i  in  tw’o 
different  pots,  the  earth  of  the  one  he  moiftened 
■With  pure  river  water,  and  that  of  the  other  with 
the  fame  kind  of  water  mixed  with  fuper-oxyge- 

nated  muriatic  acid.  The  feeds  in  the  latter  ger- 

■ 

minated  much  fooner  than  in  the  former,  which 

was 
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was  only  moiftened  with  pure  water,  and  which 
confequently  could  not  communicate  to  the 
plants  fo  much  oxygen  as  the  other,  and  thence 
too,  the  plants  in  it  were  much  retarded  in  their 
growth.  In  thefe  experiments  it  is  to  be  obferved, 
ifi9  That  the  quantity  of  fuper-oxygenated 
muriatic  acid  which  is  added  to  the  water  muft 
not  be  too  great ; otherwife,  it  proves  rather 
noxious  than  beneficial,  as  the  oxygen  accumu- 
lates, the  plant  becomes  too  irritable,  and  bad 
confequences  foon  follow. 

'idly,  That  the  germinating  plants,  efpecially 
thofe  which  are  impregnated  with  oxygen,  are 
not  to  be  immediately  expofed  to  the  fun  rays ; 
for  light  proves  generally  hurtful  to  the  embryos 
and  germinating  plants,  or  while  in  their  earlieft: 
ftage ; the  caufe  of  it  is  the  too  great  irrita- 
bility at  this  period,  which,  however  diminifiies 
with  the  increafing  age  of  the  plant. 

Thofe  feeds  which  were  moiftened  with  an  e- 
qual  quantity  of  fuper-oxygenated  muriatic 
acid  and  water  ; and  of  which  fome  were  expo- 

fed 
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fed  to  the  fun,  others  kept  in  the  dark  exhibited 
very  different  phenomena ; the  firfl.  did  germi- 
nate, but  their  colour  foon  changed;  they  be- 
came gangrenous  and  faded. 

The  latter  germinated  likewife,  but  they 
were  left  covered  until  the  firfl  leaf  was  evol- 
ved, and  were  not  till  then  placed  in  the 
light : thefe  made  a rapid  growth,  and  foon 
reached  their  date  of  perfection. 

Befides  what  is  above-mentioned,  there  is  anT 

other  chemical  caufe,  whence  the  bad  effeCl 

) 

from  expoling  plants  fuddenly  to  the  light,  may 
be  derived  ; namely,  it  has  been  obferved,  that 
light  has  a ftrong  attraction  for  oxygen.  It  is 
this  which  renders  the  formation  of  fuper-oxyge- 
nated  muriatic  acid  fo  difficult,  and  which  cau- 
fes  the  feparation  of  oxygen  from  this  acid  when 
expofed  to  the  light  of  the  fun,  fo  that  the  muri- 
atic acid  is  then  left  behind  in  its  common  ftate. 

, * ' •* 

Mr  Uflar  convinced  himfelf  by  experiments, 
that  the  common  muriatic  acid  has  a very  dif- 
ferent effeCt  from  the  fuper- oxygenated  muria- 


tic 
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tic  acid,  very  probably  by  reafon  of  the 
weaker  attraction  of  the  oxygen  in  the  latter 
acid. 

The  refults  from  the  experiments  made  with 
other  feeds ; as,  for  inftance,  with  braffica  cam- 
pejlris , braffica  napus,  la&uca  fativa,  pifum  fa - 
tivum,  refeda  odorata , coincided  with  the  refults 
of  the  experiments  before  mentioned. 

In  order  to  afeertain  in  a more  fatisfadlory 
manner,  that  the  greater  proportion  of  oxygen 
caufed  the  vigorous  and  quick  growth  of  plants, 
Mr.  Uflar  varied  his  experiments. 

1 ft,  He  took  pounded  quartz  indead  of  earth, 
and  moiftened  one  portion  of  it  with  the  fuper- 
pxygenated  acid,  another  portion  with  pure 
water;  the  refult  was  the  fame  as  in  the  former 
trials. 

'id,  He  took  a metallic  oxyd,  namely,  oxyd 
of  lead  or  litharge,  and  he  found  that  the  plants 
grew  very  well  in  it,  and  better  indeed  than  in 
pure  earth.  This  proves  belides,  that  all  metal- 
lic oxyds  do  not  deftroy  plants. 
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Mr.  Uflar  alfo  made  the  following  experi- 
ments, in  confirmation  of  the  l\ypothefis,  that 
oxygen  is  the  principle  of  irritability. 

He  moiftened,  with  fuper-oxygenated  mu- 
riatic acid,  earth  in  which  he  had  planted  mi- 
rnofa  pudica,  and  drofera  rotundifolia,  and  he 
thereby  brought  them,  not  only  to  the  higheft 
degree  of  irritability,  but  he  found  that  if  he 
continued  the  accumulation,  the  light  had  fo 
great  an  effect  upon  them,  that  they  were  def- 
troyed  by  that  ftimulus,  Other  plants  which 
fhowed  fcarce  any  marks  of  irritability,  foon  be- 
came irritable;  all  loft  their  irritability,  often  to 
irreparable  exhauftion,  when  too  often  and  too 
long  Simulated,  and  when  the  fupply  of  irrita- 
bility was  cut  off. 

The  different  degrees  of  capacity  of  different 
plants,  were  alfo  obfervable,  as  fome  took  up  fo 
much  oxygen  from  the  fame  impregnated  wa- 
ter, that  they  loll  their  proper  colour  and  died; 
while  others  of  different  fpecies,  continued  to 
grow  vigoroufly^ 


It 
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It  appears  that  the  durability  of  organized 
bodies,  particularly  of  plants,  bears  a certain 
proportion  to  the  time  in  which  they  come  to 

their  perfection. 

. 

Forrefters  have  frequent  occafion  to  obferve* 
that  not  only  trees  which  grow  very  fall  are 
of  fhorter  duration,  than  thofe  which  require  a 
longer  time  to  come  to  their  perfection  ; e.  g. 
falix,  betula,  populus ; compared  withquercus,  fa- 
gus,  acer;  but  alfo,  that  thofe  whofe  growth  has 
been  accidentally  accelerated,  feldom  arrive  at 
the  ufual  age  which  nature  had  determined  for 
the  fpecies  to  which  they  belong.  Not  unfre- 
quently  we  find,  that  trees  ficken  when  grow- 
ing in  too  rich  foil.  Of  this  Mr.  Uflar  was  fa- 
tisfied  by  experiment : by  the  increafed  fupply 
of  oxygen,  and  by  plenty  of  food,  the  irritabili- 
ty is  increafed,  and  confequently  the  growth 
haftened:  but  he  alfo  found,  that  plants  thus 
hurried  on  to  bloffoming  and  perfection,  were 
not  of  fuch  durability  as  thofe  which  arrive  at 
thofe  flates  in  the  natural  courfe  of  time. 

Pure 
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Pure  air  (oxygen  gas)  is  in  general  favourable 
to  vegetation,  and  even  necelfary  to  it ; but  a- 
lotic  gas,  and  hydrogen  gas,  when  plants  are 
included  in  them,  prove  fatal  to  them.  Yet 
there  are  exceptions  as  to  both,  not  only  in 
certain  circumftances  which  fhall  be  mentioned 
on  another  occalion ; but  alfo  according  to  the 
various  conflitution  of  different  plants. 

Some  plants  grow  better  in  bad  air  than  in 
an  air  which  contains  much  oxygen  : Plants 
growing  in  deep  mines  are  examples  of  this;  for 
if  fome  of  them  are  removed  and  expofed  to  at- 
mofpheric  air,  they  foon  die ; many  of  the  byffi, 
lichenes,  agarici,  &c.  grow  not  only  in  azotic 
dr  hydrogen  gas,  but  Oven  better  than  they  do 
in  the  common  atmofpheric  air,  and  they  will 
not  grow  at  all  in  pure  air.  The  caufe  of  this 
appears  to  be  the  want  of  a fufficient  portion 
of  hydrogen  for  their  proper  compofition,  and 
alfo  the  great  irritability  of  their  fibres,  while 
the  principle  of  irritability  is  not  proportionably 
accumulated  to  fuftain  the  ftimulus. 
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The  vital  power  of  plants  was  formerly  fup- 

poled  to  'be  derived  from  the  aicent  and  deicent 

* \ 

of  the  juices,  and  this  motion  again,  from  the 
attractive  power  of  the  veffels  for  the  nutritious 
juice  ; juft  as  fluids  rife  in  capillary  tubes*  from 
the  attraction  of  the  glafs  for  the  fluid:  in  like 
manner,  a number  of  capillary  tubes  were  ima- 
gined to  exift  in  plants,  extending  from  the 

roots  to  the  extremities  of  the  branches,  and  in 

> 

which  the  juice  rofe  upon  the  fame  principle  as 
in  capillary  glafs  tubes. 

This  explanation  Mr.  IJflar  contends  to  be 
repugnant  to  found  pbyftology,  and  he  thinks 
that  it  is  impoffible  that  by  this  power  alone, 
the  juice  can  be  conveyed  to  the  extreme  points 
of  high  trees. 

Hales  considered  the  afcent  of  the  fap  as  the 
eflfed  of  heat  and  air,  by  which  the  juices  were 
attenuated  and  more  difpofed  for  afcending,  but 
this  hypothefts  appears  very  unfatisfadory.  The 
dodrine  of  irritability  leads  to  another  theory, 
which  is  fupported  by  many  fads. 

T 
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Without  internal  activity  and  contradility  of 
the  fibres,  the  quick  circulation  of  the  juice  in 
mAny  plants  could  not  take  place  : were  this 
elfe&ed  by  heat,  it  mud  be  expe&ed  that  the 
circulation  fiiould  be  quicker  in  the  fummer 
than  in  the  fpring;  but  we  find,  that  the  circu- 

i 

lation  of  the  fap  in  plants  is  quicked  and  mod 
copious  in  the  fpring,  when  the  plants  are  mod 
irritable. 

Mr.  Von  Marum  has  now  decided  this  point 
in  a diflertation,  Be  Motu  Fluidorum  in  Plantis . 
Groningen,  1773;  towards  the  end  of  it  he 

fays : 

“ Videtur  verifimillimum,  ipfis  plantarum  va- 
“ fis  a&ionem  quandam  ede  attribuendam,  quae 
“ abforptos  humores  profundat  verfus  illam  par- 
41  tem,  quae  minorem  offert  refiftentiam;  quae- 
“ nam  autem  fit  ilia  a&io,  inquirendum  ref- 
“ tat. 

“ Diametro  alternatim  diminui  aut  augeri 
44  plantarum  vafa,  et  hac  ratione  contentos  hu- 

“ mores 
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« mores  urgeri,  ex  una  vaforum  parte  verfus  al- 
“ teram,  requiri  videtur. 

“ Utrum  vero  hasc  vaforum  conftridio  oria* 
“ tur  a vi  quadam  contradili  ipfis  infita,  quas 
“ a contradilitate  vaforum  animalium  non  di- 
“ verfa  eft,  an  vero  ab  alia  quadam  vaforum  fa- 
**  cultate  derivanda,  haud  facile  determinare  li- 
“ cebit  ” 

It  appears  probable,  that  the  veftels  of  plants 
poftefs  a contradile  power,  fuch  as  Haller  cal- 
led irritability  in  animals.  And  it  has  been  de- 
monftrated  by  many  experiments,  that  the  di- 
minution and  extenfion  of  the  diameter  of  the 
veftels,  is  produced  by  means  of  the  fpiral  and 
circular  fibres. 

When  Mr.  Marum  obferved  that  milky  juice 
flowed  from  the  end  of  a branch  of  euphorbia 
when  frefti  cut,  he  immediately  endeavoured  to 
enquire  into  the  caufe  of  this  phenomenon  ; and 
he  compared  it  to  that  caufe,  to  which  the 
bleeding  muft  be  afcribed,  when  fmall  veins  of 
animals  are  cut  afunder,  viz.  the  alternate  con- 

tradion 
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tradition  and  dilatation  of  the  veflels,  during 
the  circulation  of  the  blood  in  animals. 

Irritability  is  the  caufe  of  contraction;  if  the 
contraction  in  the  veflels  of  plants  arifes  from  it, 
it  will  follow  that  their  action  will  ceafe  as  foon 
as  the  irritability  of  the  fibres  is  deftroyed  : and 
if  fuch  flhall  be  found  to  be  the  cafe,  it  may  be 
deduced  ; 

i ft,  That  contraction  eaufes  the  flowing  of 
the  juice  from  the  veflels. 

t idly , That  the  caufe  of  the  contraction  muft 
be  derived  from  the  irritability. 

3 dly.  That  this,  and  its  effeCt  contractility, 
muft  caufe  the  circulation  of  the  juices. 

In  order  to  be  convinced  of  the  aftertion,  that 
ftrong  eleCtric  fhocks  kill  animals,  by  depriving 
them  of,  or  deftroying  the  irritability  of  their 
irritable  fibres,  Mr.  Marum  for  want  of  amphi- 
bious animals,  which  retain  feme  of  their  irrita- 
bility for  a conflderable  time  after  they  are  kil- 
led, took  eels  ( murcena  cinguillci ) , which,  as 
is  known,  ppJTefs  the  fame  power.  By  means  of 

th© 
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the  Teylerian  ele&ric  machine,  he  palled  {hocks 
through  feveral  of  thefe  animals,  and  the  refults 
of  his  experiments  were; 

j fl,  When  the  dream  of  ele&ric  matter  per- 
vaded the  whole  animal  from  head  to  tail,  it 
died  immediately,  and  no  mark  of  irritability 
could  be  difcovered,  even  in  its  fmalled  parts,  by 
any  dimulus  whatever. 

idly,  But  if  the  dream  was  dire&ed  through 
certain  parts  of  the  animal  only,  then  he  found 
that  thofe  parts  only  had  lod  their  irritability, 
and  confequently  their  contradiile  power. 

Thefe  experiments,  tried  upon  animals  with 
warm  blood,  fucceeded  of  courfe  equally,  as  the 
irritability  of  their  mufcular  fibre  does  not  re- 
main fo  long  after  death. 

Thefe  experiments  fufficiently  proved,  that 
the  irritability  of  animals  was  fufpended  by  the 
ele&ric  fiiocks ; in  order  to  afcertain  the  fame 
with  refpetd  to  plants,  he  took  various  fpecies  of 
euphorbia,  viz.  euphorbia  campejlris , (perhaps 
eji{ld)  euphorbia  lathyris , euphorbia  cyparijjias , 

and 
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and  fent  a dream  of  eledric  matter  through 
them;  he  then  cut  off  the  (tern,  but  no  mark 
of  effufion  of  the  juice  was  now  obferved ; the 
fame  was  remarked  in  ficus  carica. 

If  the  items  of  thefe  were  afterwards  lqueezed 
with  the  fingers,  then  fome  juice  was  forced  out 
as  long  as  the  preffure  was  continued,  which  af- 
forded a proof,  that  a certain  power  which  had 
caufed  the  effufion  in  former  trials  was  now  def- 
troyed  (namely  irritability.) 

By  fending  a dream  of  eledricity  through  An- 
gle dalks  of  thefe  plants,  the  refult  correfpond- 
ed  with  the  experiments  upon  certain  portions  o£ 
animals,  as  in  this  cafe,  only  the  particular 
part  which  had  fudained  the  diock  had  loft  its 
irritability. 

It  is  not  eledricity  alone  which  produces  this 
effed  in  plants  ; there  are  other  dimuli  which 
may  effeduate  the  total  exhaudion  of  irritabili- 
ty, on  which  the  contradion  of  the  fpiral  and 
circular  fibre  depends.  Mr.  Udar  iucceeded  at 

different 
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different  times  in  experiments  with  euphorbia 
peplus , and  efulci,  vvhofe  irritability  he  had 
highly  accumulated,  by  increafing  the  fupply 
of  oxygen,  and  by  removing  the  habitual  ffimu- 
li  of  heat  and  light*  fo  that  when  he  expofed 
them  afterwards  fuddenly  to  the  light  of  the  fun 
when  in  the  zenith,  they  became  gangrenous 
and  dry  in  a fhort  time.  Mr.  Uflar  cut  off  from 
time  to  time,  the  ftalks  as  they  approached  to 
this  ffate  3 and  he  found,  that  although  the  ef- 
flux of  the  juice  did  not  totally  ceafe  before 
they  died,  yet  it  was  confiderably  diminifhed,  in 
comparifon  with  what  was  obferved  in  other 
plants  of  the  fame  kind  which  had  their  proper 
tone. 

From  what  has  been  obferved  on  this  fubjeft, 
it  follows : 

1 ft.  That  the  contra&ion  of  the  vegetable  fi- 
bre is  owing  to  irritability,  as  well  as  that  of  the 
animal  fibre,  and  that  both  are  fubjedl  to  the 
fame  laws. 

c idly,  As  the  caufe  of  the  circulation  of  blood 


in 


OBSERVATIONS 


I52 

ill  the  anirtial  body,  is  derived  from  the  irritabi- 
lity and  contraction  of  the  fibres  andveflels,  we 
ni ay  fuppofe  with  fome  propriety,  that  the 
circulation  of  the  juices  in  vegetables,  may  be 
effected  by  fimilar  means. 

Another  remarkable  phenomenon  which  is 
probably  connected  with  irritability,  is  the  deep 
of  plants. 

The  animal  body  requires  reft,  i.  e.  fleep  ; 
this  is  the  ftate,  during  which  the  fibres  and  or- 
gans recover  new  powers  for  future  activity, 
which  they  had  loft  by  their  frequent  exer- 
tions. 

The  ftate  of  plants  which  is  called  the  deep 
of  leaves,  or  more  generally,  of  plants,  appears 
to  Mr.  Uftar  to  be  fimilar  to  the  deep  of  ani- 
mals ; and  though  we  do  not  perceive  it  by  ex- 
ternal marks  in  all  plants,  it  does  not  thence 
follow,  that  fuch  do  not  enjoy  it,  or  that  their 
fibres  do  not  become  exhaufted,  nor  require  any 
time  for  reft. 


There 
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There  are  but  few  plants,  in  comparifon  to 
the  great  number  of  plants  produced,  that  Ihow 
irritability  by  vilible  cont rations,  and  yet  all 
plants  are  more  or  lefs  irritable.  If  we  confiderthe 
caufe  of  the  lleep  of  plants,  it  will  appear  the 
more  probable,  that  this  phenomenon  does  exift 
in  all  plants. 

Long  before  Linne',.  it  was  obferved  that 
plants  enjoyed  reft  at  certain  times.  Garzias  ob- 
ferved  this  firft  in  tamarindus  indie  a ; afterwards 
Dr.  R.  Camerarius  wrote  a diftertation,  De 
Herba  Mimofa  1.  fentiente,  in  which  the  fub- 
jeeft  was  more  fully  treated;  at  laft  appeared  the 
great  Linne;  his  attention  to  that  fubjedt,  was 
particularly  engaged  by  the  lotus  ornithopodioi - 
desj  he  then  demonftrated  the  deep  of  plants, 
diredtly  by  obfervations  and  experiments,  and 
Ibewed  that  it  naturally  rook  place  in  plants, 
fucceeded  regularly,  and  was  independant  of  a- 
ny  extraordinary  accidents. 

With  refpect  to  the  lleep  of  plants,  he  alfo 
obferved  many  circumftances  analogous  to  that 

U of 
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of  animals,  e.  g.  that  young  plants  like  young 
animals,  fleep  longer  than  thofe  fully  grown 
up.  The  caufe  feems  to  lie  in  the  different  de- 
grees of  irritability  in  different  ages. 

Sleep  is  reft,  the  time  when  fibres  and  organs 
recover  from  their  relaxed  or  exhaufted  ftate, 
which  has  been  induced  by  the  living  a&ivity  or 
irritability. 

The  whole  organization  is  not  deprived  of 
activity  by  fleep,  for  the  uninterrupted  motion 
does  not  flop;  this  only  takes  place  after 
death. 

Animals  and  plants  generally  choofe  the 
night  for  their  reft,  becaufe  two  habitual  fti- 
muli,  light  and  heat,  are  then  either  altogether 
or  moftly  abfent. 

Plants  which  are  only  aftive  in  the  night, 
are  perhaps  too  irritable,  and  animals  which  are 
awake  in  the  night,  are  not  unfrequently  for- 
ced to  it  by  fear,  and  the  particular  economy  of 
their  life. 

The  fleep  of  man,  confifts  principally  in  reft 

of 
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of  the  nerves  of  the  brain  ; the  more  perfect 
this  is,  the  more  completely  are  fufpended  fen- 
fation  and  concioufnefs,  and  with  the  geater  pow- 
er do  men  awake  again  for  new  activity.  If  the 
fibres  of  their  body  be  too  irritable,  if  the 
ftimulus,  forinftance,  of  heat,  aliment,  fpiritu- 
ous  fubftances,  are  not  fufficiently  withdrawn, 
then  the  mufcular  fibre  thereby  ftimulated,  acfts 
upon  the  ambient  nervous  fibre,  the  impreffion 
is  communicated  to  the  brain,  and  the  fleep  is 
lefs  quiet,  and  lefs  found. 

The  greater  the  previous  exertions  of  the  ani- 
mal body  have  been,  and  the  more  irritable  it 
was,  the  greater  is  the  relaxation. 

Motion  is  a mechanical  ftimulus  upon  the  ir 
ritable  fibre  : Mr.  Sauffure  obferved,  that  a 

moderate  motion  which  he  made  on  the  fummit 
of  Mount  Blanc,  fatigued  him  more  than  a con- 
fiderable  one  on  fiat  land ; cold,  or  perhaps  pure 
air  on  the  mountain  made  the  fibre  too  irritable, 
and  the  motion  as  a ftimulus,  was  out  of  propor- 
tion to  the  irritability. 


The 
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The  fame  laws  are  obferved  in  plants.  The 
more  they  are  excluded  from  heat  and  light  du- 
ring the  night,  the  more  perfect  is  their  deep  ; 
the  more  irritable  they  are,  the  fooner  they  are 
exhauftable,  and  the  greater  the  ftimuius  is, 
and  the  longer  it  is  continued,  the  more  they 
are  exhaufled. 

By  means  of  a continual  ftimuius,  the  per- 
ceptible irritability  of  a mimofa  may  be  abolifh- 
ed  or  fufpended.  All  this  leads  to  the  analo- 
gical conclufion,  that  plants  may  be  relaxed 
like  animals,  and  that  both  require  a time  in 
which  they  may  colled:  new  powers,  (z.  e.  ac- 
cumulated principle  of  irritability),  in  order  to 
become  fit  again  for  further  exertion. 

The  congregation  of  nerves  in  animals  exifts 
particularly  in  the  brain,  every  ftimuius  indu- 
ced upon  the  irritable  fibre,  is  communicated 
through  this  to  the  others,  by  acting  upon  the 
annexed  nervous  fibre,  whereby  animals  per- 
ceive impreflions  upon  the  fenfes;  by  removing 
the  ftimuius,  and  by  the  exhauftion  of  the  ir- 
ritable 
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ritable  fibre,  concioufnefs  and  a certain  degree 
of  fenfation  are  fufpended,  the  nerves  receive 
no  impreflions ; and  if  their  fibres,  like  the  reft 
of  the  animal  body,  are  capable  of  relaxation, 
they  then  have  time  to  recover  their  powers. 

Abfence  of  ftimulus,  and  diminution  of  irrita- 
bility, are  therefore  the  caufe  of  deep;  and  a- 
bolifhed  fenfation,  or  a diminution  of  fenfation, 
are  merely  the  confequence  of  thofe  caufes. 

We  cannot  therefore  fay,  that  all  organized 
bodies,  in  which  we  do  not  perceive  evident 
marks  of  fenfation  or  concioufnefs,  muft  be  alfo 

A 

incapable  of  deep,  the  conclufion  would  be  as 
inconfequential,  as  if  we  were  to  adert,  that  ail 
animals  which  are  deftitute  of  brains,  are  alfo 
incapable  of  deep ; or  that  thofe  beings  were 
deftitute  of  fenfation,  becaufe  in  animals  which 
have  a brain,  fenfation  depends  particularly 
upon  that  organ.  Have  not  infe&s  fenfation, 
though  they  have  only  nodes  of  nerves  inftead 
of  a brain  ? Do  wre  not  perceive  fenfation  in 
worms,  in  which  no  nerves  have  yet  been  difco- 

vered 
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vered?  And  do  not  all  thefe  beings  deep?  Many 
obfervations  might  be  produced  in  confirmation 
of  this  fuggedion. 

Mr.  Uflar  after  having  made  many  obferva- 
tions refpe&ing  the  marks  of  deep  in  infedts ; 
draws  the  following  conclufions,  that  all  bodies 
which  podefs  irritability  require  deep,  i.  e.  that 
periodical  red;  is  necedary  for  them,  during 
which  they  recover  from  their  exhauded  date, 
and  colledt  new  irritability. 

Many  experiments  which  fhew  that  plants 
by  too  frequent,  long  continued,  and  violent 
dimulus,  become  exhauded  and  relaxed,  led 
him  to  this  concludon,  that  the  uncommon  pod- 
tion  which  we  perceive  at  certain  times  of  one 
or  other  parts  of  plants,  is  really  a date  of  red, 
and  dmilar  to  the  deep  of  animals. 

That  during  this  time  the  growth  is  not 
dopped,  cannot  be  propofed  as  an  obje&ion, 
becaufe  animals  grow  likewife  during  deep; 
their  power  of  reprodu&ion  proceeds,  fo  does 
their  refpiration  anddigedion. 

We 
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We  find  that  different  animals  fall  into  par- 
ticular poftures  when  adeep,  and  that  fome  do 
not  fhow  any  external  marks  of  lleep  ; and  that 
there  is  great  diverfity  as  to  the  time  and  the 
duration  of  deep  in  different  animals : we  find  fi- 
milar  varieties  in  plants. 

Some  plants  lleep  in  the  night  time  only,  o- 
thers  deep  alfo  during  certain  hours  in  the  day, 
fome  difcover  the  date  of  red  clearly  by  their  ex- 
ternal appearance,  and  others  again,  manifed  very 
dight  or  fcarcely  any  marks  of  deep ; folanum 
nigrum,  ranunculus  repens , &c.  fhut  their  dowers 
fome  hours  in  the  day,  fpiraea  jilipendula , 13 c. 
is  fhut  in  the  middle  of  the  day,  catdus grandi- 
florus,  opens  the  dower  only  at  the  fun-fet,  and 
fhuts  it  in  the  morning,  mefembryanthemum 
notlijlorum , awakes  likewife  only  in  the  night. 

Some  plants  when  at  red,  join  the  upper 
fides  of  their  leaves,  viz.  aldne  media , others 

fix  them  on  the  dalles,  like  oenothera  mollis , 13c, 

' \ 

In  fome,  the  leaves  become  ere£l,  in  others  they 
droop  or  fall  down* 


Linrie 


i6o  observations 

Linne  has  mentioned  all  thefe  various  difpo- 
fitions  of  the  leaves,  in  his  Philofophia  Botanica, 
and  in  the  Amoen.  Acad.  IV.  §.  340.  et  feq. 

It  was  obferved,  that  the  clofing  and  opening 
of  the  leaves  and  flowers  of  certain  plants,  varies 
according  to  the  weather  and  condition  of  the 

* 

air;  fucli  were  called  Flores  Meteorici  : others 
which  varied  according  to  the  length  and  fhort- 
nefs  of  the  day,  and  which  fhut  at  fun-fet,  were 
called  ^Equinoctiales  ; and  thofe  which  did 
fo  at  certain  hours  in  the  day,  were  denomina- 
ted Tropici.  From  obfervations  of  the  lafl: 
kinds,  Linne  formed  the  horologium  florce. 

Several  authors  who  have  written  on  this  fub- 
jeht,  attribute  the  general  caufe  of  it  to  light  and 
humidity.  Mr  Uflar  agrees  with  them,  and  allows 
both;  but  he  takes  the  whole  in  rather  a diffe- 
rent fenfe,  and  adds,  that  whatever  adds  as  a 
flimulus  to  the  irritable  fibre,  may  contribute  to 
the  effect ; therefore,  not  only  light  and  hu- 
midity, but  alfo  heat  and  alteration  in  the 

date 
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ftate  of  the  atmofphere  ; as,  for  inftance,  the  de- 

\ 

gree  of  electricity,  the  admixture  of  carbonic 
acid  gas,  have  influence  upon  the  fleep  or  reft  of 
plants. 

We  know  the  effed  of  eledricity  upon  the 
irritable  fibre  of  the  organized  body,  and  the 
influence  of  it  upon  vegetation  in  general  will  be 
afterwards  demonftrated  ; we  fhall  here  only 
obferve,  that  moft  plants  which  difcover  ftrong 
marks  of  fleep  by  their  external  form,  have  pin- 
nated leaves  (folia  pinnata.) 

Light,  heat,  hydrogen  gas,  are  matters  which 
ad  as  ftimuli  upon  the  irritable  fibre;  if  the  fi- 
bre is  too  irritable,  then  exhauftion  and  the 
ftate  of  reft  follows. 

’Without  light,  or  in  abfence  of  it,  without 
hydrogen  gas,  plants  cannot  continue  nor  per- 
fed  their  growth;  proofs  of  this  we  obferve  in 
plants  placed  in  atmofpheric  air  excluded  from 
light,  and  in  thofe  which  are  alfo  excluded 
from  light,  but  furrounded  by  hydrogen  gas ; 

X for 
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for  inftance,  plants  which  grow  in  deep  mines, 
filled  with  bad  air. 

Both  thefe  ad  as  ftimuli,  and  deprive  the 
plants  of  the  furplus  of  oxygen,  that  is,  of  the 
accumulated  irritability. 

If  the  ftimulus  is  too  great,  too  frequently  ap- 
plied, or  too  long  continued,  then  exhauftion 
follows,  the  fibre  is  of  courfe  relaxed;  this  is  ob- 
fervable  in  many,  partly  by  the  interrupted  ex- 
ternal motion,  partly  by  the  marks  of  deep. 

Heated  air,  and  the  heat  of  the  fun  relax 
animals  and  plants;  hedifarum  gyrans,  we  find, 
ceafes  to  move  in  the  middle  of  the  warmeft 
days,  particularly  if  by  previous  circumftances, 
€.  g.  low  temperature,  or  moifture,  the  ir- 
ritability of  the  fibre  had  become  accumula- 
ted. 

Mr.  Uflar  found  the  fame  refults  in  experi- 
ments with  the  mimofa,  if  the  irritability  had 
been  increafed  ; he  obferved  that  the  leaves  and 
ftalks  collapfed  fooner  than  ufual,  according  as 
the  fun  had  fhone  (horter  or  longer  upon  them, 

and 
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and  by  no  other  means  was  he  able  to  awaken 
them  from  their  deep,  than  by  applying  fuch 
a body  as  could  afford  a frefli  fupply  of  oxy- 
gen. 

If  we  only  look  into  gardens,  foreds,  mea- 
dows, we  perceive  that  plants  which  have  been 
relaxed  and  deprived  of  mod:  of  their  irritability 
by  heat,  are  quickly  recovered  by  rain  ; for  in 

this  cafe  the  water  affords  the  oxygen,  and  a- 
greeably  to  our  new  theory,  replaces  the  loft 
irritability. 

Plants  in  their  natural  date  all  follow  thofe 
laws,  which  have  been  already  noticed.  Mod 
awake  at  the  rifing  of  the  fun,  and  return  again 
to  a date  of  red  at  fun-fet. 

In  fhort,  plants  are  found  to  be  more  irritable 
and  more  a&ive  in  the  morning;  exhauded,  lei's 
irritable,  lefs  a (dive  in  the  evening ; and  it  appears 
that  diminifhed  irritability  is  the  caufe  of  the 
phenomenon  called  the  deep  of  plants  ; be  it  in 
the  middle  of  the  day,  or  in  the  evening,  early 
or  late  in  the  day,  the  caufe  lies  always  in  the 
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ftate  of  the  irritable  fibre  ; all  are  fubjed  to  ex- 

hauftion  and  relaxation,  and  all  require  a time 

\ 

wherein  they  may  recover  new  ftrength.  Thus 
Linne  De  Somno  Plantarum  : “ ut  quiete 

“ tranquilla  fruentes  novas  quali  vires  recupe- 
“ rent.” 

Suppofe  the  llimulus  which  caufes  the  relax- 
ation is  not  removed  ; is  it  notwithftanding  pof- 
fible  that  plants  can  fall  into  a ftate  of  reft  ? 
Why  not  ? the  ftimulating  matter  is  only  adive 
as  the  fibre  poftefies  irritability.  It  is  therefore, 
not  againft  the  principles  of  our  theory  that 
the  portulaca  oleracea , fpirea  filipendula,  i £c. 
fliould  Ihut  in  the  middle  of  the  day  ; and 
although  the  latter  awakes  only  in  the  mor- 
ning towards  nine,  yet  the  caufe  why  its  fibres 
fuffer  a temporary  exhauftion  in  the  day,  lies 
in  their  greater  irritability  : this  may  be  faid  of 
all  thole  plants  which  ceafe  to  be  adive  in  the 
afternoon  about  four  or  five;  and  the  reafon  why 
thefe  require  a longer  time  for  recovery,  de- 

* " ' * * * 1 ) 
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pends  on  the  peculiar  capacities  of  the  fibres 
to  regain  the  oxygen  of  which  they  had  been 
deprived. 

The  more  irritable  animals  and  plants  are,  the 
more  readily  and  the  fooner  they  become  relax- 
ed, and  the  more  frequently  they  require  repa- 
ration : If,  therefore,  portulaca  oleraceci,  folds 
up  fo  early  as  1 1,  the  caufe  is  to  be  fought  for; 

jjl.  In  the  fpecifically  greater  degree  of  irri- 
tability of  the  fibres : 

'idly,  In  the  greater  irritability  which  it  pof- 
ftffes  in  the  morning. 

Its  irritability  is  at  this  time  too  great,  and 
therefore  not  in  proportion  to  the  ftimulus;  the 
fibre  is  exhaufted:  and  the  flimulus  becomes 
only  adive  again,  when  the  principle  of  ir- 
ritability has  been  again  accumulated,  and 
this  takes  place  only  as  far  as  thefe  ftand  in  a 
more  equal  proportion  with  each  other. 

Many  ether  phenomena  may  be  explained 
upon  the  fame  principles.  But  it  may  be  afked, 
if  exhauflion  of  the  irritable  fibre  is  the  caufe 

it  ' 
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ot  the  fleep  of  plants ; how  does  it  happen  that 
the  fibre  is  not  irreparably  exhaufted  when  the 
firm  ulus  is  not  removed  ? To  this  Mr.  Uflar  re- 
plies,  that  when  an  irreparable  exhauftion  does 
take  place,  an  uncommonly  great  accumula- 
tion, cauied  e.  g.  by  a great  or  intenfe  cold, 
muft  have  previoufly  exifted ; and  in  this  cafe, 
the  ftimulus  ads  not  as  being  too  long  continued, 
but  as  being  unproportionable  and  too  violent, 
hence  it  deftroys  the  capacity  of  the  fibre.  As 
long  as  the  fibre  retains  the  capacity  to  receive  ir- 
ritability anew,  the  exhauftion  is  only  temporary ; 
but  if  plants  are  deprived  of  that  difpofition  by 
which  they  receive  the  principle  of  irritability, 
then  the  temporary  exhauftion  is  changed  into 
an  irreparable  one;  this  we  obferve  to  happen 
by  a too  long  continued  heat  and  drouth,  and 
by  a dry  eledric  atmofphere  : if  the  plants  are 
only  relaxed,  and  not  totally  exhaufted  by  the 
greateft  degree  of  ftimulus,  and  if  they  ftand  in 
connexion  with  bodies  from  which  they  can  re- 
ceive  a frefh  fupply  of  the  principle  of  irritabili- 
ty, 
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ty,  then  the  effed  of  the  ftimulus  is  only  fufpen- 
ded,  and  only  until  the  fibre  is  become  irritable 
again. 

Hill  fays  in  his  diftertation  on  the  Sleep  of 
Plants : 

“ When  he  made  the  light  fall  upon  plants 
“ in  different  degrees,  he  found  that  their  deep 
“ was  accordingly  more  or  lefs  perfed.  Or  that 
“ the  more  intenfe  the  light  is  which  falls  up- 
“ on  plants,  the  more  is  their  irritability,  their 
“ principle  of  life  fet  in  adivity ; and  the  lefs 
“ the  ftimulus  is  in  proportion  to  their  irritabili- 
“ ty,  the  greater  degree  of  irritability  remains 
“ in  the  fibres,  and  the  more  fenfible  they  re- 
44  main. 

He  fays  farther  : 

“ According  to  the  degree  of  light  he  had 
“ applied,  was  likewife  the  degree  of  fleep.” 
i.  e.  the  greater  or  lefs  the  degree  of  ftimulus 
to  a certain  point  has  been  communicated,  the 
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more  or  lefs  the  fibre  is  exhaufted  and  relaxed, 
as  on  this  depends  the  degree  of  deep. 

In  animals  we  obferve  the  fame,  their  deep 
is  more  found  when  they  have  been  more  dirnu- 
lated ; but  too  violent  dimulus  occadons  a revo- 
lution in  their  body  which  approaches  todifeafe, 
and  from  which  they  dowly  recover,  fooner, 
however,  or  later  according  to  circumdances. 

If  we  will  not  acknowledge  the  irritability  of 
plants,  if  we  do  not  admit,  that  the  fun’s  light 
adfs  as  a dimulus,  and  that  by  it  the  irrritable 
fibre  can  be  exhauded  ; it  then  mud  appear  a 
mydery,  why  plants  diould  fhow  indication  of 
taking  red  at  the  time  when  the  fun  is  in  the 
zenith,  while  it  is  allowed  by  botanids,  that  the 
fun’s  light  animates  vegetables.  But  fhould  not 
the  following  fads  be  deemed  a proof  of  the  irrita- 
bility of  plants,  its  exhaudion  and  accumulation  ? 
viz.  that  all  the  phenomena  already  mentioned, 
can  be  produced  by  other  dimuli  beddes  light, 
e.  g.  hydrogen  gas,  and  carbonic  acid  gas;  for 
the  effeds  of  thefe  upon  plants  are  fimilar  to 

thofe 
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thofe  of  light;  the  plants  undergoing  fimilar 
changes  in  perfect  darknefs,  when  expofed  to 
them,  as  by  the  application  of  light. 

Plants,  as  we  know,  have  different  kinds 
of  irritable  fibres,  ftraight,  circular,  and  fpiral; 
a ftimulus  applied  to  them  occafions  contractions, 
which  appear  according  to  the  nature  of  the  fi- 
bre by  decurtation  of  the  fibre,  by  diminution 
of  diameter,  or  periftaltic  motion. 

Hedwig  afferts,  that  the  origin  and  forma- 
tion of  the  leaves  and  fioivers  are  effected  by 
the  fpiral  veffels : when,  therefore,  a ftimulus 
aCts  upon  the  fibre,  a contraction  enfues,  and 
plants  are  forced  mechanically  to  give  the  leaves 
and  flowers  a certain  direction,  and  thus  con- 
tract particular  parts  or  extend  them. 

If  the  vegetable  fibre  is  deprived  of  its  irrita- 
bility, it  flags,  the  ftraight  fibre  is  then  e- 
longated,  the  others  extend  their  diameter,  and 
thus  naturally  follow  different  pofttions  of  the 
ftalks  and  leaves. 
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In  this  manner,  Mr.  Uflar  imagines  the  open- 
ing of  the  flower  is  efteded ; if  light,  a mode- 
rate heat,  or  other  ftimulus  acts  upon  the  fibres 
and  veflels  of  the  calyx  and  petals,  they  con- 
trad;,  and  the  flower  opens,  to  which  certainly 
the  life  of  the  whole  plant  aflifts.  The  periodi- 
cal doling  of  many  flowers  may  likewife  be  ex- 
plained by  the  extenlion  of  the  contractile  fibres 
and  veflels. 

Mr.  Uflar  has  convinced  himfelf  by  many  ex- 
periments, of  the  juftnefs  of  Dr  Ingenhouz’s  ob- 
fervations,  that  many  plants  would  furely  die 
in  hot  weather  in  a few  days  if  they  had  not 
time  during  the  night  for  reft.  He  found  cu- 
curbita  pepo , in  the  middle  of  a hot  fummer’s 
day,  lying  on  the  ground  exhaufted  and  flaccid, 
he  thought  to  recover  it  by  moiftening  it  with 
water,  but  in  vain ; probably  the  capacity  of 
the  fibre  was  not  then  fo  great  as  to  receive  im- 
mediately, without  removing  the  habitual  fti- 
muli,  light  and  warmth,  fo  much  oxygen  from 
the  water  as  would  have  been  neceflary  to  its 

complete 
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complete  recovery,  and  to  collect  this,  reft  du- 
ring the  night  was  requifite,  when  the  altered 
temperature  and  modification  of  the  atmofpherie 
air,  and  abfence  of  light,  are  favourable  for  the 
reftoration  of  the  tone. 

Here  Mr.  Uflar  reminds  us  of  the  obfervation, 
that  moft  of  plants  are  hurt  by  moiftening  them 
with  cold  water  in  the  middle  of  the  day  when 
the  temperature  is  higheft ; for  although  they  ex- 
hibit for  a ftiort  time  a vigorous  appearance,  yet 
this  is  only  tranfient,  and  not  unfrequently  they 
die  prefently  thereafter.  The  cold  of  the  water, 
and  the  oxygen  communicated  by  it,  eafily  in- 
duce accumulation,  which  is  fucceeded  by  irre- 
parable exhauftion. 
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